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On the Number of Dust Particles in the Atmosphere of
certain Places in Great Britain and on the Continent,
with Remarks on the Relation between the Amount
of Dust and Meteorological Phenomena. By John
Aitken, F.E.S. (With 3 Plates).

(Read February 3, 1890.)

The portable dust-counting apparatus described in a previous
communication to this Society* was designed with a view of making
observations on the air at situations where it would be inconvenient
to work with the larger laboratory apparatus; and also to enable
these observations to be made under conditions more favourable for
avoiding local impurities than is possible when working in a house.
As the construction of this portable apparatus was completed just
as I was about to start for the Continent, the opportunity seemed a
favourable one for continuing the investigation into the number of
dust particles in the atmosphere, and extending our knowledge on
the subject in other countries. The portable apparatus is reduced
to such dimensions that it adds but little to one's personal
luggage, and can be easily carried to' the place where the observations
are to be made.

This new form of apparatus has been found to do its work
satisfactorily. If a new set of apparatus were made, the only altera-
tions the past experience would suggest is to omit the smallest
of the stopcock measures, because I have never as yet had
occasion to measure outside air so full of particles that the testing
could not have been done with the second smallest measure. The
smallest measure should therefore be only retained if the apparatus
is required to test air extremely full of particles. For air of
the country comparatively free from pollution, all the stopcock
measures may be omitted, as they are never required. When the
air is pure large quantities of it require to be sent into the
receiver, and the air-pump alone is used. When the air is fairly
pure, such as country air, 5 or 10 c.c. are generally required for each
test.

The silver counting stage of the apparatus was at one time found
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to be troublesome, frequent polishings being required to keep it in
good working order. Other metals less easily tarnished than silver
have been tried, but with no very satisfactory result as yet. Plati-
num does very well, and keeps free from tarnish, but it is difficult to
give it a very perfect polish. Platinoid, which owing to its property
of keeping bright in impure air, promised to bridge this difficulty,
but on trial it was found to be most unsuitable, as it soon got spotted
all over. The little drops of rain seemed to eat into it, and not
more than one test could be made without repolishing. Blackened
glass had also been tried again, in the hope it might be got to work
well, as it could be much more easily kept in order than silver.
Unfortunately it does not act very satisfactorily, owing to the tendency
of glass to get dewed. As this dewing is not easily observed in the
instrument, it gives rise to difficulties, as the drops are not visible on
the dewed surface. And when the surface is kept undewed the
drops tend to evaporate, and the number counted is rather low.
Further, owing to less light being reflected by the glass surface than
by the silver, the drops are not so brilliantly illuminated and there-
fore not so easily counted. On the other hand, silver has been
found to require very little attention in pure air. The stage has
frequently been used for weeks without once being taken out of
the receiver for polishing, and it worked quite satisfactorily at the
end of the time.

The first place on the Continent at which regular observations
were made with the dust-counter was Hyeres in the south of
France. Hyeres is a small town on the shores of the Mediterranean,
and is the westmost of the health resorts on the French Riviera.
It is situated on the southern slopes of a hill, at rather more than
two miles from the sea. A flat fertile plain extends for some dis-
tance from the town seawards, and at some places the shore is
fringed by marshy lands. Observations were occasionally made at an
open window of the hotel, which is situated just on the outskirts of
the town. The observations of most value, however, were made on
the top of Finouillet, a hill situated at about two miles to the north
of west of Hyeres. Finouillet has an elevation of slightly less than
1000 feet.

Along with this paper is given a table showing the results obtained
at this situation, and also at a number of other places on the Conti-
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nent and in this country. In the table is entered the number of
dust particles, per cubic centimetre, observed in the air of the place,
at the hour and date given, each of the numbers given is an average
of ten tests made in rapid succession. The direction and force of the
wind is also entered, as well as the temperature and the humidity.
The humidity is indicated by the amount to which the wet bulb
was depressed below the dry one at the time the tests were made.
These records of humidity are not very satisfactory, owing to the
difficulty of getting suitable positions for making the observations
at the different places. In a few cases the observations were
made with wet and dry bulb thermometers placed at a window,
and in shade and protected as much as possible from radiation.
In some cases the humidity was taken with a hygroscope, and its
readings converted into wet bulb depressions by comparative read-
ings of the two instruments. In the second last column of the table
is entered the state of the air with regard to transparency. These
transparency observations are far from satisfactory, as no special
means have been adopted of measuring it. It has simply been
judged by the unaided eye, which is a very rough method of estimat-
ing it. There are many things which alter the apparent trans-
parency of the air, and make the estimate taken in this way very
unsatisfactory. For instance, when the sky is clouded all over the
air looks more transparent than under a cloudless sky, because the
haze in the air between us and the distant scene is not illuminated
by direct sunlight, and therefore does not show so much. Again,
when looking in the direction away from the sun, the air appears
clearer than when looking in the opposite direction. Only a very
rough scale of clearness has therefore been attempted. Some special
instrument would require to be devised before more definite records
can be obtained.

It will be seen from the table that a great number of particles
was observed in the air on the 19th March, at the open window of
the hotel at Hyeres. This high number was evidently due to local
contamination, the wind at the time blowing from the town. On
the 21st fhe wind was towards the town, and, as will be seen, the air
was much freer from dust, the number per c.c. falling from 46,000
to 5000.

The top of Finouillet was selected for testing the air of
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the district surrounding Hyeres on account of its position and
shape. The hill is situated near the centre of a plain; on its south,
west, and north sides it rises with steep slopes to a rather fine
point. Its top rises therefore into what we might expect to be the
pure air of the district. An examination, however, of the table
will show that no very low number was obtained at this situation,
never less than 3500 per c.c. The reason for this would appear to
be that the hill is surrounded on three sides by a highly cultivated
plain, which is dotted all over with the houses of the peasantry, and
at many places there are villages. The air of this district is there-
fore very much polluted with the products of combustion, and
though the situation where the observations were made is nearly
1000 feet high, and the hill rises abruptly from the plain, yet it is
evident that the polluted lower air came up to the top of the hill,
being driven up the slopes by the wind. This ascent of the lower
air to the tops of hills has been frequently observed, and will be
referred to later. The rapid change in the number of particles
observed at short intervals, showed that the lower air was rising
to the hill top. On the 23rd and 25th the numbers varied greatly
owing to the impure lower air being imperfectly mixed with the
purer air above. It is no doubt possible that some of this variation
may have been due to change of direction of wind bringing air from
more or less polluted parts.

It will be observed that on the 4th of April the number of
particles at this situation was remarkably great, the number being
as high as 25,000 per c.c. This high number was fairly steady
during all the tests made on that day. "When I had tested the
different parts of the dust counter and found no reasonable cause
for doubting its indications, it became necessary to look for some
outside cause for this very high number. On looking in the direc-
tion of Toulon, distant about nine miles, it was seen that the wind
was blowing direct from that town, and bringing the products of
combustion to the place of observation ; the smoke being traced for
some distance from the town coming in a straight line towards
Finouillet.

On the 29th March observations were made at La Plage with
the view of examining the air resting on the sea. These observa-
tions were made at three difterent places near the shore. The first
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on the beach, the second at 100 yards inland, and the third at 250
yards from the beach. The wind at the time was directly inshore,
but it is possible it may have been polluted, as there are a few
dwellings on the islands outside. Two observations were made on
the beach at an interval of an hour and a half. The second
observation gave twice the number observed in the first. This may
have been due to many of the particles having been produced by
the waves, and as the waves continued nearly the same, while the
wind fell to about one-half, the number of particles of spray in the
air would be increased at the time of the second observation. The
increase, however, may have been due to pollution from the dwellings
on the islands. At both the situations at a distance from the
shore-the number was less than on the beach. This may have
been due to the air with the spray particles being diluted on its
passage, through the woods, to the situations at a distance from the
beach.

The next town at which observations were made was Cannes.
The position selected for testing the air of this district was the top
of La Croix des Gardes, a small hill in the west bay, having an
elevation of about 500 feet. The hill is situated quite outside the
town, but it is surrounded on most sides by houses at no great
distance. On the 10th of April, when there was a strong west
wind, the air was very pure, there was only 1600 particles per c.c.
rioted. The air on this day was likely to be as pure as it will ever
be at this situation, as it came with a fresh wind direct over the
Esterel Mountains, and from a very thinly populated district.
The lowest number observed here was much less than the lowest at
Hyeres, but at the latter place the wind on the days the tests were
made never came from the least populated district, so that the
observations taken at the two places do not admit of comparison.
The observation taken at Cannes on the 12th show an entire change
in the state of matters. The number on this day was very great,
being as high as 150,000 per c.c. This was due to a change of
wind, which blew direct from the town, and brought the products of
combustion to the place of observation.

On the 13th, observations were made on the sea air at Cannes.
The wind was from the south, that is inshore, but it was light.
These observations on sea air can only be made when there is little
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•wind, otherwise the spray produced by the breaking waves
introduces a disturbing element. The place selected for testing the
sea air was in the west bay, at the outer end of the small iron pier.
There were no waves breaking outside of the position of observa-
tion, and the number obtained would be correct for the air at the
time. The number was very large, 10,000 per c.c, and when again
tested on the beach to the lee of the breakers, which were high con-
sidering there was so little wind, the number was 12,000 per c.c.
This increase on shore may have been due to particles originated
by the waves. The very large number got at this situation would
seem to suggest that the air had not come from far over the sea, but
might have been land air which had circled round as the wind was
light, or it might have been the air of the land breeze of the
previous night returning as a sea breeze.

Very few favourable opportunities occurred for making observa-
tions on the air of Mentone. On the afternoon of the 25th of April
tests were made on a hill about 1000 feet high, situated to the
north-west of the town. When the observations began the wind was
from the north, that is from the mountains, and there were 1200
particles per c.c. in it. A little later the wind changed and brought
up the air of the town, when the number began to rise, and became
as great as 7200, and was still rising when the observations were
concluded.

On the morning of the 27th April I took a boat and pulled out
to some distance seawards of the Mentone breakwater, and tested
the air coming in from the sea. The number was 5000 per c.c.
There was not wind enough to crest the waves. Later in the day
the wind increased in force from the south-west, so that possibly
the air examined in the morning may have been true sea air.

A number of observations were made at Bellagio on the Lake of
Como. All these tests showed the air to be very full of dust for a
mountainous district. But during the time of my visit the wind
always blew from the south, that is from the inhabited parts of
Italy; and, further, it was always light, so that local impurities
were not swept away. The tests were made at an open window
overlooking the lake, when the wind blew towards the shore,
and at other times they were made on the top of the hill at the
Villa Serbilloni.
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The Baveno observations were made in similar weather to those
of Bellagio, that is with little 'wind on most days, and the air damp
and generally very thick, due to an accumulation of local impurities.
The only occasion on which a low number was obtained here was
on the afternoon of the 16th May. This pure air was found at
some distance from Baveno, at the entrance to the Simplon Pass,
above all the villages near the lake. The wind was light, but it
descended from the mountains and was pure ; owing however to the
imperfect mixing of the hill and valley airs, the numbers varied a
good deal. As will be seen from the table, they varied from 546 to
850 per c.c.

On the 18th of May the air was tested at Locarno, at the head of
Lake Maggiore. The place selected for observing was on the hill-
side above the pilgrimage church of Madonna del Sasso, about 600
feet above the lake. The wind was northerly, that is from the
mountains, and the air was fairly pure, only 1300 per c.c. There
was thunder at the time, and there had been heavy showers all day.

The Rigi Kulm Observations.

Being desirous of making some observations on the air at the
top of mountains, the Rigi was selected as the most suitable for
the purpose, on acconnt of its elevation and isolated position. The
convenience of being able to live at the top was another recommen-
dation, as one would always be in a position to take advantage of
any meteorological change which might take place. In all these
respects perhaps Mont Pilatus would have been a better place for
the purpose, as it is more isolated and is 1000 feet higher, but at
the time of my visit the railway was not finished, and there was a
difficulty in getting up apparatus and luggage sufficient for a visit
of some days. I found the Eigi Kulm hotel a very convenient and
comfortable place for observations of this kind. The hotel is so
near the top of the hill, that on any change taking place one can
be at the top in a minute or two and have a clear view all round,
and the dust-counting apparatus can be placed in such a position
that it tests the true passing air from whatever direction the wind
may happen to blow at the time.

As the Eigi observations will probably be the most interesting, I
have entered in the table the results of most of the tests, and later
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on will have something further to say with regard to certain meteoro-
logical phenomena observed here. I arrived at the top of the moun-
tain about midday on the 21st May. On the way up we entered
a dense fog at about 2000 feet from the top. This fog continued all
the way up, and at the top it was impossible to see more than 50
yards in front. I began work at 2 o'clock, selecting the top of the
hill as the most suitable place for observing. The result was not
satisfactory. The number of particles was found to vary greatly,
going up to 1300 per c.e. and falling to under 500 in a short
interval. This at once suggested local contamination, from which
I was unsuccessful in freeing the observations, by change of position,
as the thickness of the air prevented me seeing from what direc-
tion the polluted air might come; I had therefore to return to the
hotel for information as to the direction of all possible sources
of local pollution. I was then informed that the gas-work, engine-
house, and other buildings connected with the hotel were situated
on the slope of the hill to the windward, and within a few hundred
yards of the place of observation. Having ascertained the direction
of all possible sources of local pollution, a new situation was selected,
well clear of all possible contamination, and a number of tests
made. In this situation the number of particles was fairly constant,
being 285 per c.c. when the testing began, and falling to 210 an
hour later.

The morning of the 22nd opened bright and fine. The fog had
cleared off the hill top, the clouds having sunk to a lower level and
cleared away a good deal to the south; but to the north the whole
country was covered with a nearly uniform layer of clouds, the
upper surface of which was about 1000 feet below the top of the
mountain. In the morning the number of particles was about 800.
per c.c, at 10.30 A.M. the number fell to about 500, and in the
afternoon the number was 1450 and gradually increased to 2300.
During the afternoon observations an occasional cloud passed over
the hill top.

As will be seen from the table, the number of particles on the
varied greatly during the morning observations, the successive

tests made within an hour varying from about 500 per c.c. to 1100
per c.c. This want of uniformity in the passing air may have been
due to the strong wind blowing at the time, bringing imperfectly
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mixed masses of the impure air of the valleys to the hill top. In
the afternoon the wind fell a little, and the numbers were more
constant, varying from 600 to 850.

The observations made on the 24th show the air on the morning
of this day to have been much the same as it was the previous
afternoon. The wind had fallen still further, and the number
recorded between 10 A.M. and 11 A.M. varied but little, being from 617
to 685, showing a more uniform condition and a lower average than
the previous day. At 4 P.M. the number had decreased to about
400, and by 5 P.M. the number tended to increase and become the
same as it was in the morning.

The next day, the 25th, being the last day of my visit to the
Eigi Kulm, I determined to make a number of tests on my way to
Lucerne. Between 9 A.M. and 10 A.M. observations were made on
the top of the mountain. The number observed was fairly constant,
varying from 532 to 580. The wind was still blowing from a
southerly direction, but not strong. On descending to Vitznau on
the lake, I at once proceeded to make observations on the air at this
level. The result at first somewhat astonished me, as the tests
gave only about 600 per c.c. On examining the conditions, I
noticed that the wind had greatly increased in force, and at this
situation was blowing in strong gusts, and it did not come down the
lake but came over the shoulder of the Eigi, and struck direct down
on Vitznau, and spread out fan-like from the village as a centre.
On each side of Vitznau the wind blew from the village, and on the
lake in front it was off shore, so that the air tested at Vitznau
had come from near the top of the mountain and would be much
the same air as that tested in the morning at the top of the hill.

Leaving Vitznau I took steamer for Lucerne, and again tested the
air, selecting for the purpose a position on the lake side about a
mile up the lake and to the windward of the town. The number
observed here was but slightly increased from what it was at
Vitznau, being only about 650 per c.c. At this situation also, the
air came direct from the mountains to the place of observation with-
out local pollution, as it was driven down the lake by a strong wind,
and came to the instrument from off the water, so that unless from
a passing steamer there was no chance of pollution. The air was
again tested in Lucerne at the open window of the hotel overlooking
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a garden, and even here the number was small, but as the hotel is
situated on the lake there was but little chance of pollution.

These Lucerne and Vitznau observations showed the air of this
part of Switzerland to be remarkably pure. "We must, however,
remember that on this occasion the wind was strong, and that it
came from the wide unpolluted tract of country covered by the
mountains and valleys of the Alps. On the day following these
tests the wind changed and blew from the north-east, and brought
up the air from the inhabited parts of Switzerland. The tests made
on this day show a marked increase in the number of particles.
Though the wind had only recently changed, the pure air of the
previous day had acquired a great increase in dust in its passage
through the inhabited parts. The number on the afternoon of this
day varied from 2160 to 3660 per c.c. in the open country near
Lucerne.

The numbers obtained at all the Swiss stations, beginning with
Locarno, are small, but the number of observations are too few to
give anything like a true indication of the state of the air in that
country. Still there are other reasons for supposing that the air of
Switzerland is very free from dust. The vast tracts of mountainous
country which surround it on most sides act as purifiers of the air,
not only on account of the absence of population, and the time
given for the dust to settle out -of the air, but also by the pure
upper air being mixed with the lower impure air, by the irregular
currents and eddies formed by the wind in its passage across the
mountains. It seems therefore possible that much of the trans-
parency and brilliancy of the Swiss air may be due to its freedom
from dust

The Eiffel Tower Observations.

We have reason for supposing that the air at the top of mountains
even such isolated ones as the Rigi, is not pure air, the same as
one would get if they ascended to the same height in a balloon; but
that along with the pure air there is mixed much of the air of
the valleys driven up the slopes by the wind or carried during
calm weather by the air heated by the sun on the mountain slopes.
The amount of this lower air which may be carried by the wind
to the upper level depends on the shape of the hill and other
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conditions. If the hill is a long ridge, and the wind blowing at

right angles to its length, the probability is the impure air of the

valley will come almost unmixed with pure air to the hill top.

Balloons might be used to carry the observer free from the pollution

of the lower air, but they are evidently unsuitable for observations

of this kind. The Eiffel Tower, however, looks as if it had been

specially constructed for the purpose; only it does not go high,

enough and is not movable. The wind-driven air passes through the

open framework of the tower, and the structure has no tendency to

cause the lower air to rise and mix with the upper. Its position in a

city, however, confines any investigation done on it, to the special con-

ditions, which are only in a secondary way meteorological. Though

not suitable for general meteorological work, the tower is evidently

very suitable for investigating the vertical distribution of the im-

purities rising into the air over cities. As it is indeed the only place

where satisfactory work of this kind can be carried on, I determined

to return by Paris and if possible make some observations on the top

of this tower. Owing to the kindness of M. Eiffel I was enabled to

get access to the tower before it was opened to the public, M<

Eiffel very kindly accompanying me to the first stage by the lift.

Erom there I ascended to the top by the stairs, the upper lifts not

being then finished.

The observations on the Eiffel Tower were made on the 29th

May. The day was cloudy, with passing showers and strong

southerly wind. On my way up the tower I stopped for a short

time at the platform about 100 m. from the top, and tested the air

at this elevation. The number at this height was 41,000 per c.c,

showing the air to be very much polluted to a height of 200 m. I

then ascended to the top, passing through the top platform and

ascending some distance higher, and made the test on the small

gallery just under the electric lamp, at about 300 m., or a little

under 1000 feet from the ground. Tests were made at this eleva-

tion from 10.15 A.M. till 1 P.M.

My intention before starting was to make a series of tests at

different elevations to try and find the rate at which the city im-

purities decreased with the height above the ground. A few

observations on the top soon showed this plan to be impracticable,

that with anything like the limited series of tests I would be able
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to make it would be impossible to find any regular diminution at
the different heights. I therefore confined my attention and gave
most of my time to the variations taking place at the top, as a series
of observations made there seemed to promise to give more informa-
tion than a few taken at different heights.

It will be seen from the table that the numbers varied greatly
from time to time, the changes taking place very quickly ; indeed,
it was often impossible to change the quantity of air used quick
enough to meet the changing conditions. For instance, when the
particles were few for a short time, they would suddenly increase to
such a number that the quantity of dusty air which gave a con-
venient number of particles for counting gave in the next test a
number so great they formed a fine fog, so dense it was impossible
to count the particles. The two extremes which were counted with
any degree of certainty were 104,000 per c.c. and 226 per c.c. The
last and low number remained fairly constant during the taking of
the ten tests of which the above is the average. This small number
was obtained while a shower of rain was passing over the tower. As
this rain was quite local, falling only over a small breadth of the
city, the descending drops would strike down the impure city air
and at the same time draw the pure upper air downwards. It seems
probable that while this shower was passing, the top of the tower
was in nearly pure air, probably of a level higher than its top.

An examination of the Eiffel Tower figures show that the impure
air of the city must rise to a much greater height than 1000 feet.
They also show that this air does not diffuse itself uniformly
upwards, but rises in great masses, the rapid rise and fall in the
numbers showing that the hot city air rises in columns through the
purer air above, and that at considerable elevations over a city the
air is of a very different character at places quite close to each other.
It seems possible that a sensitive quick-acting thermometer might
show these changes in the passing air by the rise and fall in the
temperature. This want of homogeneity, apart from the dust and
impurities, is one of the causes of the unsuitableness of the air
near a city for astronomical observations.

On the way down from the top of the tower a halt was made at the
lower platforms, and tests made at a height of 200 m. and at 115 m.
As will be seen from the table, the results of these tests are of little
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value, too few observations being obtained. After descending from

the tower some tests were made of the lower air. These tests, owing

to the kindness of M. Mascart, were made in the garden of the

meteorological office in the Hue de l'TJniversite'. The situation is

not far from the tower, and the air at this place would be much

the same as at the base of the tower. The number at the low level

was very great when the tests were made. The number, however,

varies greatly at low levels near the sources of pollution, owing to

local circumstances, and the number varies greatly from time to time.

On this occasion the number varied from 210,000 to 134,000 per

c.c. In the same situation in March the number was much lower,

being 92,000, the difference being probably due to atmospheric

conditions. In March the air was much dryer.

London.

The only observations of interest made in London were taken on

the 3rd of June. The day was bright and dry, with a fresh westerly

wind. Observations were made at the window of an hotel in Victoria

Street, and also in a garden on the bank of the Thames a little

below Battersea Bridge. To this latter situation the air came direct

from Battersea Park uncontaminated by immediate local pollution.

It will be seen from the table that the numbers for Battersea Park

varied from 48,000 to 116,000, the number varying a good deal with

the velocity of the wind. It would be interesting to know what the

number is at this situation when the air is damp and heavy and

but little wind blowing. As no such day occurred during my visit,

there was no opportunity of testing this point.

Kingairloch.

The next observations entered in the table were taken at
Kingairloch in July. Kingairloch is situated in Argyleshire, in the
wilds of the West Highlands, amidst the mountains on the north-
west side of Loch Linnhe, nearly opposite Port Appin. At this
situation the air is very free from local pollution, there being only a
very few houses for many square miles. The air at this situation
was generally very pure, but the amount of dust was occasionally
found to vary considerably at short intervals. This was particu-
larly the case when the wind blew across the valley in which the
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observations were made. This rapid variation in the numbers was
no doubt due to the cross currents mixing masses of upper and
lower air, so that sometimes one and sometimes the other passed
the instrument. This seems to be the probable explanation of the
variations sometimes noticed here, as they were too small to be
due to local impurities.

The table shows that the purity of the air, even at this isolated
situation, varied from day to day, being as high as 4000 particles per
c.c. on the 4th and as low as 205 per c.c. on the 6th. The higher
numbers were generally got with southerly winds and the lower
with northerly ones. This relation of direction of wind to number
of particles would seem to indicate that the higher numbers were
due to pollution from the inhabited parts of the country, as all to
the east and south of this situation is densely populated, whilst in
the other directions there are but few dwellings. It is true that the
distance to the densely populated parts is very considerable, yet
from the extreme slowness with which these fine particles settle, and
the short time required for the wind to bring them to the place of
observation, there seems to be a possibility of their being carried as
far as this. When we remember the number observed on the top
of Finouillet when the wind blew direct from Toulon, we can
understand how it is possible for the dust of the densely populated
parts of the lowlands being brought to the wilds of the Highlands.
It may be remarked that an examination of the weather charts for
these dates shows that much reliance cannot be placed on this
conclusion, as the winds observed may have been and sometimes
were quite local, and the distribution of pressure was such that the
winds were light and the direction of the general circulation
frequently doubtful.

Ben Nevis.

The Council of the Scottish Meteorological Society having pro-
posed to acquire dust-counting apparatus for the observatory on the
top of Ben Nevis, for the purpose of carrying on a regular series of
observations on the dust in our atmosphere at that situation, it
became necessary for me to make an ascent of the mountain for the
purpose of seeing what arrangements would be required for the
carrying out of this investigation under the conditions existing
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there. My visit was made on the 1st August under fairly favour-
able conditions of weather. The morning was dark and cloudy,
with detached patches of mist on the hill-sides. Fortunately as the
day advanced the mist gradually rose, and as I ascended the
mountain it cleared away and at last was all gone by the time
the top was reached. The air was fairly clear, as we could see
Schiehallion quite distinctly on the one side and the hills of Skye
on the other, the whole horizon within that range being clearly visible
all round. The day, however, was favourable for transparency, as the
sky was clouded all over and the sun did not shine on and illumin-
ate the little haze there was in the air. On testing the air the
number of particles counted by Mr Omond and myself was 335 per
c.c. at 1 P.M. and 473 at 3 P.M.

Alford.

Observations were made from the 5th to the 15th September at
Alford, a small village in the valley of the Don in Aberdeenshire.
These tests were made near the Manse of Alford, which is situated
at a distance of about 2 miles to the west of the village. There are
but few houses near, so that the air would be fairly free from local
pollution. An examination of the figures given in the table for this
situation shows that the air here was not quite so pure as at
Kingairloch. This might possibly be due to there being more houses
in this locality than in the neighbourhood of Kingairloch, but part
was also due to the weather. While these tests were being made
the wind was generally very light, and frequently blew from the
east and south-east, that is from the polluted districts, and it rarely
came from the mountains, so that probably the air was a good deal
polluted; and, moreover, owing to the wind being generally light, the
air was stagnant and local pollutions would tend to accumulate. It
is probable that the numbers given for this situation are too high
for an average for the district, as the weather at the time was close,
dull, and thick, with a marked absence of the usual clear crisp
Aberdeenshire air of September.

On the morning of the 9th the wind blew from the south-west,
that is from an unpolluted direction; it was therefore determined
that an ascent of Callievar should be made that day, for the purpose
of testing the air at the top. Callievar is a somewhat isolated



208 Proceedings of Royal Society of Edinburgh. [SESS.

mountain, situated at a distance of five or six miles to the west of
Alford. It rises in easy slopes from the east and south, though
rather steep on the north and west, and attains a height of 1747
feet. The early morning of the 9th had been very thick, but it
soon.began to clear. On testing the air at 9 A.M., before beginning
the ascent, it was found to have 3000 particles per c.c; on arriving
at the top of the hill the number was found to be much lower. At
midday there were only 262 per c.c. by the first test and 336 by
the second, which was taken shortly afterwards, each of these
numbers being as usual the average of ten tests. On again
testing the air at 2 P.M., two sets of tests gave the same average,
namely, 475 particles per c.c. This gradual increase was probably
due to local contamination. When the first tests were made the wind
was south-west, and came over an uninhabited district, whereas by
the time the last tests were made the wind had veered to the west-
ward, and brought the smoke of the dwellings in the Don valley
towards the hill top. The view from the hill on this day was fairly
clear, the Cairngorms and Lochnagar being quite distinct, but seen
through a good deal of haze, which was illuminated by a bright sun,
shining in a cloudless sky. On returning to the foot of the hill and
again testing the lower air it was found to have 900 particles per
c.c. It seems therefore probable that the lower air at this situation
is considerably contaminated by local causes.

Dumfries.

The last series of observations entered in the table were made at
Isle, near Dumfries. The site of these observations is quite in the
country, at a distance of six miles, up the Nith valley, from
Dumfries; it is not near any village, but is surrounded in all direc-
tions by farm and other houses. The site being on the banks of a
river, the air at it will have the peculiarities belonging to such situa-
tions, such as greater humidity, less air circulation, and lower
temperature at nights than at more exposed situations.

An examination of these! Dumfries figures shows the air at this
situation to have been remarkably impure for a country district.
It was probably much more impure than it generally is, owing to
certain meteorological conditions prevailing during the time these
tests were being made. The table shows that tb^*air was very pure
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on the 30th of October, the number being as low as 235 per c.c, and
it was fairly low on one or two other days, but on many occasions
the number was over 5000 per c.c. The weather accompanying
this impure atmospheric condition was true November weather,
dull, thick, and damp, with only an occasional fine day.

On the Pollution of the Atmosphere oy Artificial Causes.

On looking over the numbers given in the table one is struck by
the amount of dusty pollution introduced into our atmosphere by
human means; and one cannot help feeling that the earth's atmo-
sphere is profoundly modified by the vast quantities of dust it
holds in suspension, much of which owes its origin to the presence
of human beings. "When we ascend into the higher atmosphere, or
go to uninhabited districts, the quantity of dust in the atmo-
sphere is comparatively small, but whenever we approach human
habitations the quantity increases, and near cities the air is
laden with these floating particles. At the top of the Rigi, and in
the wilds of Argyleshire, air was tested which had only a little over
two hundred particles per c.c. On the top of Ben Nevis, on
Callievar, and in Dumfriesshire, the number was occasionally only
about three hundred, but when we get near villages, the number
goes up to thousands, and in cities to hundreds of thousands.

Though the number of particles in the atmosphere increases
enormously as we approach the centres of human habitations, yet
when we look more closely at the numbers in the table, we find that
'the increase, though great, is not by any means in proportion to the
increase of the sources of pollution. A small village or town may
make the passing air nearly as polluted as a large city. Now why
should the pollution not be in direct proportion to the number of
fires and other sources of contamination. Is it possible that when
the number of particles becomes very great, so that they are very
close together, that many may unite and form one ? so that what
we count as one, in city air, may really be a vast number adhering
together. As yet we have no information as to whether these very
fine dust particles ever do attract and adhere to each other or not.
There is, however, an evident reason why the particles do not in-
crease in number in direct proportion to the amount of the pollution,
which is this,—with the increase in the size of the city there is not
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only an increase in the number of particles in the air, but there is
also an increase in the depth of the polluted stratum of air, over the
city. The Eiffel Tower tests showed that the polluted air of Paris
rose to a height of more than 1000 feet. Probably on the day the
tests were made it may have extended to many times that height, as
extremely polluted air came to the top of the tower from time to
time. The larger the city the greater will be the mass of heated
air rising over it, and the greater its ascending power, so that the
depth of polluted air leaving a city must be very great, while that
leaving a small town will be much less. So that when we add to
our knowledge of the number of particles, the greater depth of the
polluted stratum of air over cities, we are better able to understand
why the air of cities is not more impure than the tests show it to be.

"When the Eiffel Tower tests were made the air was fairly dry,
which favoured the ascension of the heated air. When, however,
the air is damp, it seems probable that the products of combustion
will become loaded with condensed moisture, and this will counteract
the ascending tendency of the heated air, and the thickened air
during this weather will probably keep lower down and give rise to
the dull thick town atmosphere of damp weather, and to town fogs
when the wind falls, especially if the condensation is intensified by
the cold produced by radiation.

It may here be asked, Is 200 particles per c.c the lowei limit
of the purity of our atmosphere, or is there such a thing as air
absolutely free from dust 1 The air at extreme elevations never has,
and probably never will be tested; but nature has provided a test
which shows that even at very great heights dust is present. "Where-
ever a cloud forms we know there is dust, and as clouds form at
great elevations we may conclude that dust is present at even these
great heights. It has been shown in a previous paper that conden-
sation may take place in dust-free air; but while this is so, yet the
conditions under which this is possible are such as never happen
in nature, because before it can take place the air requires to be
greatly supersaturated, and be put into rapid eddying movements, or
receive some violent shock, a condition of things never likely to
happen in the upper strata of the atmosphere. And further, if
condensation did take place, it would not take the cloudy form but
the rainy one; that is, the centres of condensation would be few
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and widely separated, so that each particle would be large and fall

rapidly as rain. At present therefore all the evidence points to the

conclusion that dust is present in our atmosphere at whatever eleva-

tion clouds form.

Now though this conclusion may be true, so that on the one hand

we may have evidence that at very great heights in our atmosphere

there may be enough dust to form clouds, and that while experi-

ment shows there may be only 200 particles per c.c. in the air, we

are yet without any guide as to what is the number of particles in

pure unpolluted air. The air at tops of mountains, and even at great

heights away from mountains, may be polluted by artificial causes.

The dust of the lower air will be carried by ascending currents to

great heights, and much that is present in what we have called pure

air may be of terrestrial origin. But even supposing the lower air

never carried dust to great heights, yet there will be dust there, due

to the disintegration of the vast quantities of meteoric matter, which

is daily showered down into our atmosphere, where it becomes

highly heated and dissipated, thus forming fine meteoric dust.

What the number of particles of this meteoric dust may be, we

cannot say, nor can we tell what its proportion to terrestrial dust

may be at the different elevations, but it seems probable that the

meteoric dust will vary in quantity from time to time, with the

earth's position in space.

Dust mid Atmospheric Transparency.

When I made my last communication to the Society on atmo-
spheric dust, * reference was made to the close relation which was
observed between the transparency of the air and the number of
particles of dust in it, when the tests were made at Colmonell. At
the same time it was pointed out that this relation was likely to
hold good only under certain conditions, that the amount of vapour
in the air, or rather the humidity or degree of saturation, would be
likely to modify the effect of the dust. My reason for qualifying
the Colmonell conclusion was that it had been shown in a previous
paper f that there is an affinity between the dust in our atmosphere
and water vapour, and that some kinds of dust begin to condense

* Proc. Hoy. Soc. Edin., vol. xvi. p. 160.
t Trans. Boy. Soc. Edin., vol. xxx. part i.
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moisture before the air is cooled to the dew-point, that is, condense
vapour in unsaturated air.

It is evident, therefore, that if the ordinary dust of our atmosphere
has an affinity for vapour, and causes condensation to begin while
the humidity of the air is some distance from the dew-point, that
the condensed moisture will increase the size of the particles, and
by so doing cause a decrease in the transparency of the air, under
conditions which at present are not understood. It will be therefore
necessary for us to bring a considerable amount of evidence to bear
on this point, as the opinion generally held is that though condensa-
tion may be caused to take place in unsaturated air by the artificial
introduction into it of certain vapours and gases, yet condensation
does not as a rule begin in our atmosphere till the air is saturated.

The question then comes to be, Is there any evidence to show
that condensation really does take place on the ordinary atmospheric
dust, before the air is saturated, and if so at what stage of relative
humidity does it begin to take place 1 The dust-counting apparatus
evidently places in our hands a method of investigating this point;
indeed, without it, it would be nearly hopeless to attempt its solu-
tion. During the investigation this is one of the points to which
attention was closely directed, and the conclusion come to, from
all the evidence that has been collected so far, is that we have
been far too much in the habit of supposing that condensation can
only begin just at or immediately before saturation is reached.
This investigation distinctly points to condensation beginning long
before saturation is attained, and while the air is still dry enough
to give a difference of some degrees between the wet and dry bulb
thermometers.

In order to get the necessary information to enable me to cotne
to a conclusion on this point, it was customary to enter in the note-
book, along with the number of particles observed, as many of the
meteorological conditions as possible. Amongst other things noted
were the direction of the wind, the temperature, the humidity, and
the clearness of the air. These have been entered in the table,
given with this paper. As already stated, the records of humidity
and clearness are not very satisfactory, owing to the want of proper
screens for taking the wet and dry bulb observation at the different
stations and. for the want of some satisfactory method of measuring
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the transparency of the air, especially when one is constantly
changing the position where the observations were made, and where
the visibility of hills at different distances cannot be noted. Though
these observations do lack accuracy, yet they point in a rough but
perfectly distinct way to the conclusion that it is not necessary for
the air to be saturated in order that condensation may take place;
they rather indicate that at almost all states of humidity the dust
has some moisture condensed on it, and that as the humidity
increases the amount of deposited moisture increases with it, and
increases at a rate much quicker than the humidity, especially when
the air is approaching the point of saturation.

It may be remembered that in the Colmonell observations it was
noticed that the transparency of the air depended on the number
of dust particles in it; with 9000 particles per c.c. the air was
extremely thick, with 5000 it was thick, and was clear only when
the number fell below 1000. The Colmonell observations were
made in winter, while the air was damp, and its humidity did not
vary enough to have a great influence on the transparency.

To illustrate the effect of humidity, let us turn to the observations
recorded in this paper. Taking the Hyeres observations first, it
will be at once seen that the humidity has a powerful modifying
influence on the effect which the number of particles has on the
transparency of the atmosphere. It is true that owing to local
pollution the numbers observed at this station may be too high, and
only correct for the air near the ground. We shall take only the
Finouillet and La Plage observations as of any use, the others being
too polluted from local causes. It will be seen from these that air
with even more than 4000 particles per c.c. may be very clear and
transparent if it is very dry—with that number of dust particles and
a depression of the wet bulb of 10 degrees or more, the air was
very transparent, as on the 21st March and 3rd April. It may be as
well to note here that the observations taken on the 4th of April,
when the number of particles was very great, are of no value for
our present purpose, as on this day the wind brought the smoke of
Toulon direct to the top of Finouillet, and while the air generally
was clear, yet in the direction of Toulon it was thick.

The effect of humidity is very clearly seen in the observations
taken at Cannes. There was no very great difference in the number



214 Proceedings of Royal Society of Edinburgh. [SBSS.

of particles on the mornings of the 10th and 11th April—but the
air on the 10th was very clear, owing to it being very dry, the wet
bulb being depressed 13°; while the morning of the 11th was thick,
owing to a great increase in the humidity, the wet bulb on this
occasion being depressed only 2°.

The Bellagio and Baveno observations show the same result, but
not so satisfactorily. Though every precaution was taken to test the
air where it was free from local pollution, yet it is evident this was
not possible under the conditions at these stations.

Coming now to the Rigi observations, it will be noticed that the
air was thickest on the 21st, when it contained the fewest particles.
This thickness was owing to humidity, a good deal of moisture being
deposited on the dust. It will be noticed that there was a depres-
sion of lo>5 in the wet bulb at the time, showing that the air
was not saturated. As this was the first occasion on which I had
made observations on this dense form of condensation, I carefully
noted the state of the air with regard to dryness. The depression
of the wet bulb given in the table may not be quite correct, though
taken as carefully as possible under the conditions. It may possibly
be too great, owing to the air having been heated locally. It was
observed that all objects in the open air were quite dry, not only
stones which might have been kept dry by heat communicated from
beneath, but all surfaces, such as wooden fences, &c. The only
exception to this was the grass, which carried drops of moisture at
the tips of its blades, but this came from within the plant, there
being no indication of the other parts of the blades being wetted
by fog.

It is, however, very evident that though all exposed surfaces were
dry on this occasion, it does not necessarily follow that the air
was not saturated. The reason why the fog particles did not
wet the exposed surfaces may have been that these surfaces were
all heated by radiation, and the fog particles would be evaporated
in the hot air in contact with the exposed surfaces, as radiation can
undoubtedly penetrate a great depth of fog. I regret that no
observations were made in this direction.* It may be noticed in
passing, that the Swiss Meteorological Keport for the Rigi Kulm
shows the depression of the wet bulb at one o'clock on the 25th

* It lias, however, been confirmed by later observations.
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to have been 0°'9 C, or almost exactly the same as found by me.
But as the thermometer at this situation is exposed in a metal box,
it also would be exposed to radiation and slight heating. As there
was a considerable amount of light at the time, there would be but
little fog overhead. It seems therefore probable that radiant heat
would penetrate and heat all surfaces and keep them dry, and heat
the air in contact with them. The wet bulb depression recorded
was therefore probably too high.

On the morning of the 22nd there were far more particles in the
air than on the 21st, but the air was clear owing to an increase in
the dryness, the wet bulb being now depressed 6°. As the day
advanced the air got hazy, owing to an increase in both dust and
moisture. On the 23rd the air was very clear, both dust and moisture
having decreased. The dust and moisture remained much the
same till the close of the observations, and the air retained its
clearness to the end. So clear was it that occasionally Hochgerrach
was visible, a condition of the atmosphere which, to those who know
the Eigi, will be a good indication of the transparency.

At Lucerne on the 25th the dust and moisture were both very
low and the air was very clear. On the 26th the dust increased
considerably, while the humidity remained nearly the same, and
the air was hazy.

No conclusions can be drawn on this point either from the Eiffel
Tower or the London observations.

Passing over the tests of city air, we shall now enter more into
detail of the Kingairloch observations, as the air at that situation
was less polluted, and the observations are better suited than the
previous ones for showing the effect of dust and of humidity on
the transparency of the atmosphere. First let us consider the effect
which the number of particles has on the transparency of the air,
and see if the conclusion contained in the previous paper is con-
firmed by these later observations. This conclusion was that the
greater the number of particles the thicker was the air. For this
purpose, as already explained, we must select observations made on
days when the humidity was the same. Taking those days on which
the wet bulb was depressed 4°, namely, on the 6th, 10th, and 15th
of the month, and arranging them in the order of the number of
particles, thus—



15th,
10th,
6th,

15th,

Date.

at 11.30

at 10.30
at 2 p. M

A.

A.

M.

M.

State of Air.

Clear.
Medium.
Thick.
Thick.
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Number
of Particles.

550
814
1000
1900

It will be seen that with a humidity corresponding to a depression
of 4°, that if there were 550 particles the air was clear, and that
as the number of particles increased the transparency decreased.
Again, take the 12th and 13th; on both of these days the humidity
was the same, namely, 5°, but the one was clear which had only 710
particles in it, while the other was thick owing to there being 3000
particles present. Again, there was the same humidity on the
morning of the 5th as at 1.30 P.M. on the 6th, but on the 6th the
air was clear owing to there being only about 300 particles in it,
while on the previous day it was thick owing to the presence of
more than four times that number.

These figures all tend to confirm the conclusion previously arrived
at from the Colmonell observations, namely, that the transparency of
the air depends on the number of particles of dust in it. "We shall
now see how far the Kingairloch observations support the other
conclusion, that the amount of moisture in the air has also an effect
by increasing the size of the particles, and so reducing the
transparency. We shall use those Kingairloch figures and see if this
affinity of the dust for moisture has practically any effect on the
transparency of the atmosphere.

When the observations began on the 3rd of July there was a
good deal of dust in the air, about 3000 per c.c. This degree of
impurity continued next day, but fell to about one-half on the 5th
and to one-third on the morning of the 6th. Now, though the dust
gradually decreased during these days, it will be observed that the
thickness gradually increased from a haze on the 3rd to thick on
the 6th. The reason for this decrease in the transparency was the
increase in the humidity which took place with the decrease in the
dust, the humidity falling from a depression of 13° on the 3rd to
4° on the 6th. Here the decreased transparency produced by in-
crease in size due to humidity more than counteracted the effect of the
decrease in numbers, showing how powerful the influence of humi-
dity is, even when the humidity is some degrees from saturation.
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This dependence of transparency on humidity may be illustrated
by these observations in another way. Taking days on which the
number of particles was nearly the same, but on which the humidity
was different. On the 5th, with 1500 particles and a wet bulb
depression of 6°, the air was thick; with about the same number
of particles on the 8th, but with a depression of 9°, the air had a
medium clearness; on the morning of the 10th, with 814 and a
depression of only 4°, the air was medium clear; whereas at 1.30 P.M.
on the 16th it was very clear, with the same amount of dust, but a
depression of 7°. "With 500 particles and a depression of 4°, the
air was clear on the 15th, but very clear on the 17th with the same
number of particles but 8° depression. It will be noticed that
when there was a depression of only 4° the air was thick, unless
there was less than 1000 particles per c.c, and that if the numbers
increased and the air was at all clear there was also an increase in
the dryness.

It will be observed that the number obtained on the morning of
the 9 th does not agree very well with the others. The number on
this morning was high and the dryness not very great, and yet the
air had a medium clearness. "We, however, leave the figures in the
table, and the only explanation we can offer is that this number
was local and due to an almost entire absence of wind at the time,
though it must be admitted that the numbers are rather constant to
be explained in this way.

The Alford observations point to the same conclusions. I must,
however, state here that the figures entered in the columns headed
temperature and humidity were not obtained by myself at the
place and hour of observation, but are from the weather report
of the Scottish Meterological Society's Station at Logie Coldstone,
which has been kindly supplied to me by Dr Buchan. Further,
the temperatures are the maximum temperatures for the day, and
the humidities are the maximum humidities for the day calculated
from the morning and evening readings considered with reference
to the maximum temperature. The temperatures will therefore be
higher than if they had been taken at the time the dust tests were
made, and the wet bulb depression will also be much greater.
We can therefore only compare these Alford tests amongst them-
selves. It is, however, unnecessary here to enter into a detailed
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examination of the figures, the effects of both dust and humidity
being evident.

The most interesting of the Alford tests are those made on the
16th of September. On the morning of that day the air was medium
clear, with bright sunshine, and the number of particles was 1125
per c.c. As the day advanced the air thickened in a very remark-
able way; from having a medium clearness in the morning it
gradually thickened and lost its transparency as the day advanced,
and in the afternoon it was extremely thick, but clear overhead
and free from clouds. When the air was tested at 5.30 P.M. the
dust particles were found to have increased to a higher number
than had been observed at this station-—-the number was 5700 per
c.c. The great increase in the thickness of the air which took place
during the day was evidently due greatly to this increase in the
amount of dust. Increased humidity may possibly have had some
effect, but probably it was not the chief cause, as the wet bulb was
only depressed 1°'5 more at 9 A.M. than at 9 P.M.

An examination of the Dumfries series of observations bears out
the conclusions we have come to from the other figures. The
relation between the transparency and the dust and humidity is
evident, but the figures obtained at the last situation are not so
clear on this point, probably owing to the air not being so free from
local pollution. The Dumfries observations might have been omitted
if it were not that they give ns information on some other points.
I t will be observed that the numbers at Dumfries were generally
very high, often extremely so, for a thinly populated country
district. An examination of the figures in the column headed wind,
shows us that these very high numbers generally occurred when the
wind was slight or variable, as on the 13th, 14th, 18th, 18th, and
19th of November. The increase in the amount does not seem to have
been entirely due to the direction of the wind bringing the air from
impure sources, as the lower current as well as the general upper
circulation varied on these days from south by west to nearly north.
These large numbers may therefore have been greatly due to an
accumulation of purely local impurities, as it will be seen that
whenever the air was very impure it always got much purer when-
ever the wind increased. These Dumfries observations are evidently
of less value than the Kingairloch ones for investigating the relation
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between the transparency and the dust and humidity, because the
air at the former place being polluted by local causes, it is probable
there would be a want of uniformity in the air at different points
near each other, and in the air from time to time. This was con-
firmed by the observations. The numbers varied a good deal at short
intervals. The effect of the wind in reducing the number of particles
may be noticed also in the Kingairloch and Alford observations.

There is a point of some interest brought out by a comparison of
the Dumfries and Kingairloch observations to which it may be worth
while directing attention. It is, that while the transparency of the
air depends on the amount of dust, and on the humidity, or degree
of saturation of the air, it would appear that the thickening effect
of the humidity depends on the temperature, that is on the tension
of the vapour. For instance, a humidity which gives a depression
of 4° at a temperature of 60° has a much greater thickening effect
than the same depression at 50°. This might have been anticipated,
but it was only while the Dumfries tests were being made that it
was thought that the air was clearer for the same humidity than it
was at Kingairloch. An examination of the figures in the table
supports this conclusion. For instance, take the following examples
when the air had about the same amount of dust and about the
same depression of the wet bulb.

Date.
5th July
6th July
6th Nov.
29th Oct.

Number.
1500
1000
1360
1200

Humidity.
6
4
4-6
4-6

Temperature.
64
61
50
50-5

Transparency.
Thick.
Thick.
Clear.
Medium.

Compare the above observations when the dust and the wet bulb
depression were similar. In July, when the temperature was over
60°, the air was thick, whereas in October and November, when the
temperature was 10° lower, the air was clear or medium. The
other figures mostly point in the same direction. The air observed
on Ben Nevis would probably not have been nearly so clear if its
temperature had not been low.

This result I have said might have been anticipated, because
at the higher temperature with the same wet bulb depression the
vapour tension will be considerably greater than at the lower, and
each particle will attach to itself a greater amount of water. These
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conclusions, however, require many more, and much more carefully
conducted experiments to prove them satisfactorily. The objections
to the Dumfries observations are many. First, the situation is low,
and the dust would tend to collect there to an undue amount.
Second, the humidity is too high, owing to this station being near
water, so that while the dust-counter and the thermometers gave
the condition of the air in the valley, the tests for transparency
were necessarily made through a higher stratum of air, in which
both dust and humidity would probably be less. Then again, the
difficulty of estimating transparency, and also in comparing these
estimates made at different stations. The different hills visible at
each station should have been graduated off, and used as a scale of
transparency. This, however, was not done till the last observations
were made.

Though these results should be received with caution, yet I think
it will be admitted that they clearly point to an interesting line of
enquiry, and encourage us to push on our investigations into the
dust in the atmosphere. I may remark that it is advisable not to
make comparisons of these tests when the wet bulb is depressed only
about 1°, because when the saturation is so great, accuracy can-
not be attained, as local conditions, such as wet trees, the exposure
of the bulbs, &c, may cause an error equal to the whole depression.

The Dumfries observations show an interesting relation between
the weather and the amount of dust in the air. During the whole
time the weather remained dull and thick, the air was highly charged
with dust. Another important point was that when the clouds
cleared away, dense fogs formed, owing probably to the great
radiating power of the air, due to the great amount of dust in it. It
will also be noticed that on the fine days the air had generally little
dust in it.

The conclusion forced upon us by a consideration of all these
observations is that the dust in our atmosphere condenses vapour
when the air is far from being saturated. It seems probable that
in all states of humidity the atmospheric dust has some moisture
attached to it, and that as the humidity increases the load of
moisture also increases; and further, all observation seems to point
to this form of condensation producing even a very thick condition
of the atmosphere before the air is quite saturated. The observa-
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tions made on the Eigi, when the mountain top was covered with
cloud, points to the formation of even this dense form of condensa-
tion in unsaturated air. It must be admitted that the Eigi
observations of the humidity on this day are not very reliable, and
the subject might be dismissed were it not that there are many
observations made by other observers, on Ben Nevis and elsewhere,
which point to the same conclusion.

There is another point to which I can only call attention at
present, as it has not yet been investigated. It has reference to the
effect of the direction of the wind on the thickness of the air. It
has been sometimes thought, while these tests were being made,
that with certain directions of wind the air was unduly thick for
the number of particles and the humidity. This would imply that
the dust particles brought by certain directions of wind were larger
or more hygroscopic than those brought from other directions.
This seems possible, as it is the winds from inhabited districts that
are suspected of being unduly thick. As these bring the sulphur
products formed in burning coal, it seems possible they may be
charged with vapour condensing particles. This point, however, is
one that requires further investigation.

Apparatus for Testing the Condensing Power of Dust.

While on the subject of the condensing power of dust, or the
affinity of atmospheric dust for vapour, I may here refer to some
experiments made a year or two ago on this point. The principle
I then tried to develop was to collect the atmospheric dust on glass
plates, and test if water vapour condensed on the deposited dust
in unsaturated air. The following was the plan adopted of carrying
out this idea. First as to the method of collecting the dust. This
was done by placing glass plates inside a thermometer screen, a
room, or wherever it was desired to get the dust to be tested. These
plates were sometimes placed horizontally, and the dust allowed to
fall on them. Another plan of collecting the dust was to deposit
it on the glass plates by the method used in my thermic filter. If
it was desired to collect the dust inside a room by this method, the
glass plate was placed vertically and in close contact with one of
the panes of glass in the window. The plate was kept in its place
by means of a little india-rubber solution. As this plate was colder
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than the air in the room the dust was deposited upon it. If it was
desired to collect the dust in the outer air, the plate of glass was
attached to the outside of the window pane, but kept at a distance
of two or three millimetres from it. It was held in its place by the
india-rubber solution, four pieces of sheet india-rubber being fixed at
the corners to keep the plate away from the window glass. By this
arrangement the outside air circulated in the space between the
outside plate and the window, and as this air got heated on the
window pane it was warmer than the plate and deposited its dust
on its cold surface. It may be mentioned that the plates used for
collecting the dust were small pieces of glass mirror about 10 cm.
square. Mirrors were used, as the condensed vapour is more easily
detected on them than on clear glass.

Having collected the dust in either of these ways, its condensing
power was tested in the following manner. A small cell was pre-
pared about 4 cm. square and 1-5 cm. deep, and open at the top.
The top edge of the cell was covered with a thickness of india-rubber.
The dusty plate was placed so as to form a cover to the cell, being
held down by means of spring catches; the india-rubber enabled the
plate to make a water-tight joint with the celL The cell was pro-
vided with two pipes, one for taking in water and the other for
taking away the overflow. A thermometer was fixed with its bulb
occupying the centre of the cell; and further the cell was provided
with a stirrer. The whole arrangement was almost exactly the same
as a Dines' hygrometer. The dusty plate, before it was put in its
position, had the dust carefully cleaned off one half of it, so that
when put in its place one half of the glass covering the cell was
dusty and the other half clean. Cold water was then run through
the cell and the temperature of the plate gradually lowered, the
plate meanwhile being closely watched to see when condensation
began on the different halves^ and the temperature noted when it
began on the dusty half and when it began on the clean part, and
the difference, if any, noted. In this way a measure of the con-
densing power of the dust was obtained, as the difference between
these two temperatures gives the temperature above the dew-point
at which the dust condensed vapour.

It will be noticed that the plates for collecting the dust were
much larger than the cell. By this means the cooled surface over
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the cell was surrounded by an uncooled part of the plate, and any
change in the appearance of the cooled dust could be easily detected
by contrast with the surrounding area.

The first thing to be done was to test the working of the
apparatus, and see how it acted with dusts of known composition
and known condensing power. For this purpose smoke of burning
magnesium, gunpowder, and sodium were used—the first on
account of its small affinity for water vapour, the second for its
condensing power. It is well known that the smoke from gun-
powder is far more dense in damp than in dry weather, the difference
being due no doubt to the condensation which takes place on the
smoke when the air is damp. While sodium smoke was selected
on account of its great affinity for water. The smoke of these sub-
stances was produced by burning a little of them in an enclosed
space, the test plates were placed in the enclosure, and the smoke
allowed to fall on them. The mirrors with the deposited dusts
were then tested, and their condensing powers, measured, with the
following result:—Magnesia was found to condense at almost
exactly the same temperature as the glass, but gunpowder smoke
began to show signs of condensing at a temperature 5° above the
dew-point; while the soda condensed vapour from air at a tempera-
ture 17° above its dew-point. In making these tests it is necessary
that the air in the room, where the testing is done, be very dry,
otherwise the beginning of the condensation on the dust cannot be
detected, because the dust surrounding the cooled surface already
has some moisture condensed on it. To overcome this difficulty it
was customary to heat and dry the plates before testing them.

The different kinds of dust, when tested in this way, having thus
shown a distinct difference in their affinities for vapour, tests were
now made of the dust collected from the atmosphere. It is un-
necessary to go into the detail of these experiments, as although
they distinctly point to atmospheric dust having an affinity for
water vapour, and this affinity seemed to vary with the dust, yet the
method of testing is not very accurate. As the condensation begins
by imperceptible degrees, it is very much a question of quickness
of perception, and carefulness of working, that determines when the
first appearance of condensation will be detected; and even the first
appearance is not the real beginning, but only the state at which it
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has become visible to the observer. It may, however, be mentioned
that dust collected in a smoking-room showed a decidedly greater
condensing power than that from the outer air. Of ten tests made
with dust from the smoking-room, the dust that had the least con-
densing power showed condensation at a temperature of 2°'2 above
the dew-point, whilst the most powerfully condensing dust con-
densed at 4°*5 above the dew-point, while the mean of the ten gave
3° above the dew-point. Of the ten tests of the dust from the
outer air, the lowest showed a condensing point of l°-8 above the
dew-point, and the highest of 3°2, and a mean of 2°-3. It should
be mentioned that the depth of the deposit did not seem to have
any influence on the condensing power of the dust, as the amount
of dust that collected in one day gave about the same effect as that
collected in thirteen days.

This condensing power of dust would seem to explain why it is
that the glass in picture frames, and other places, frequently looks
damp when the air is not saturated. The same damp deposit may
be easily seen on windows during cold weather, particularly if they
have not been cleaned for some days. The damp-looking deposit
can be easily detected by cleaning a small part of the pane. The
cleaned part will remain undewed, while the surface surrounding it
will be damp, and be greasy when rubbed. I need not say that a
certain degree of humidity in the air is necessary for seeing this
clearly, as the glass must be cooled by the outer air to near the
dew-point of the air in the room. Again, this condensing power of
dust may in part explain the reason why it is so necessary to keep
electrical apparatus free from dust, if we wish the insulation to
be good. The damp collected by the dust will decrease the insulat-
ing power of the glass or other insulator.

Dust and Condensation.

"We have seen that these observations all point to the conclusion
that moisture is deposited on the particles of atmospheric dust in
air which is not saturated. This condensation seems to take place
while the air is comparatively dry, and the amount deposited in-
creases with the humidity. The deposit which takes place under
these conditions will probably be caused by the affinity—chemical
or surface—of the particles for vapour, while true cloud condensation
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seem3 only to begin when the air is near the point of saturation.
There seems no definite degree of humidity necessary for the first form
of condensation to begin, or if there is, it begins while the air is
very dry, and by such imperceptible degrees, it has not been noticed.
There is no hard and fast line between what we call clear air and
thick haze. The clearest air has some haze, and the effect of in-
creasing humidity is to increase the thickness of the air. But from
clear air up to cloudy condensation there is no real difference in
kind, only in the amount, of the thickening. But when cloudy
condensation begins, a real change in the nature of the condensation
takes place. The dust particles have now no tendency to condense
the vapour; each particle seems to have got its affinity satisfied, and
true condensation begins, owing to the tendency of the saturated
vapour to condense. The affinity of the particles has now little
influence, but the size of the different particles has; the larger ones
getting the most moisture deposited on them. All the particles at
this stage seem to cease to attract the vapour, and the vapour is no
longer deposited on the whole number of particles; but a compara-
tively small proportion, and these the larger particles, receive the whole
of the condensing molecules. This seems to be the reason why at
about saturation a change occurs in the appearance of the condensa-
tion, a sudden thickening of the air takes place along with an
increased light reflecting power.

It might be thought that if this incipient condensation, due to
affinity, took place before the true condensation, then there ought
to be some evidence of it in the every day phenomena of nature.
For instance, does the upper moving front of a cumulus cloud show
this incipient stage of condensation? At first sight we might
expect it would. I do not think, however, that it has been noticed,
possibly owing to the conditions necessary for seeing it not being
easily obtained, "We cannot expect to see it at the upper surface
after the cloud is formed, the transition at that surface from
saturated to dry air is far too sudden. If we are to see it, in the
formation of a cumulus cloud, we must look for it just before the
cloud begins to show, in the clear and rising air, where it is
possible we may find a thickening taking place before, and at a
lower level, than that at which the true cloud condensation begins.
This as yet has not been observed, but in other conditions the
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gradual thickening has been frequently seen. At the Italian lakes,
on many occasions, when the air was damp and still, there has been
noticed in close proximity every stage of condensation, not divided
by the hard line usually observed, but where it was impossible to
say where the thick air ended and the cloudy began. Again, this
gradual change can often be seen in the sky overhead. With
approaching change of weather, the sky is often seen to change by
imperceptible degrees from perfect transparency to "thick," and
then to cloud. It is very doubtful if we are entitled to expect to
find any well defined haze in the air immediately surrounding
clouds, as we do not know sufficient about the conditions existing
there. It may be as well to note here that on all occasions on
which I have had an opportunity of making observations on this
point, that the transition from moist air in the cloud to dry air
immediately outside it was very rapid, so rapid as to give only a
sharp outline.

Haze.
The conclusion to which these observations point is that haze is

caused by the dust in our atmosphere, and that this dust has in
almost all degrees of humidity more or less water attached to it. A
thick haze may be the result of much dust and little moisture or of
little dust and much moisture, but the moisture less than saturation.
According to this view, in most conditions of our atmosphere, haze
is but an attenuated or arrested form of condensation—arrested for
want of moisture, or it may be a decayed form of condensation, that
is, cloudy condensation changed to haze by the reduction of its
humidity, possibly by rise of temperature, and the fog particles
evaporated, till they hold only the water of attraction. If the
humidity be decreased still further the haze clears more and more,
but the dry dust still has a hazy or thickening effect on the
atmosphere.

This conclusion is confirmed by an examination of the figures in
the table, where it will be seen that whenever the air was dry
and hazed there was much dust in it, and that as the dust
decreased the haze likewise decreased. It is well known that hob
weather is often accompanied by a thick haze. The explanation of
this would appear to be, that during hot weather we have generally
much dust in the air, and further as has been already explained
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this dust owing to the high temperature has much moisture attached
to it, even though the air is what is called dry. The conclusion we
have come to is, that though there may be other causes of haze, yet
dust is generally the cause of it.

Notes from the Rigi Kulm.

While at the Eigi Kulm, I observed a few meteorological pheno-
mena which may be briefly referred to here, as they have some
bearing on our subject. On my arrival at midday on the 21st of
May, the hill top was covered with clouds, and we remained all
day in a thick fog. However, as the afternoon advanced, an
occasional glimpse was obtained of some of the higher Alps of the
south, standing clear above the mass of cloud which filled in the
valleys, and from time to time enveloped the place of observation.
These unfortunately were but limited and passing glimpses, and all
to the west was blocked with clouds. At last, however, shortly
before the sun dipped below the horizon, the clouds began to clear
overhead, and at last they rolled away, and the top of the Eigi
stood clear above a billowy mass of clouds, and the western sun
suddenly burst out brilliantly, dissipating in a moment the dull
chill oppression of the fog. So sudden and welcome was the change,
that the few who were waiting on the mountain top, in the almost
forlorn hope of seeing the setting sun, raised a cheer of welcome ;
a cheer which rose simultaneously from every one, and could not
have been more real, spontaneous, and stirring had we been a body
of sun-worshippers welcoming our divinity.

The change, however, was momentary, for soon another mass of
cloud passed across the hill top and obscured the view, but not for
long, and it, in turn, was followed by another, each succeeding mass
being less than the previous one, while each glimpse showed the
west to be clearing, and at last no clouds rose above the mountain,
and a magnificent view was obtained all round. Occasional openings
in the clouds below gave passing views of the lakes and valleys low
down near the base of the mountain, but on this occasion the great
attraction was the cloud scenery. In most directions there extended
a vast sea of clouds, the upper surface of which was slightly lower
than the point of view. This wide area of clouds extended nearly
level as far as the eye could see, its upper surface brilliantly
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illuminated by the setting sun. It looked like a vast sea over
whose waves gravitation had ceased to hold sway, and whose waters
were luminous with condensed sunshine.

When the hill top began to emerge from the clouds and to be
only occasionally covered with fog, as each fog mass cleared away
to the east and let the sun shine on us, we saw our shadows cast by
the setting sun on the retreating bank of cloud, " glories " surround-
ing the shadow-heads. Around the shadow of his head each
observer saw a coloured halo; near the shadow-head there was a
small luminous but colourless halo, and round this a rainbow-like
circle of colours, violet being inmost and red outside. When this
coloured circle was brilliant another circle of colours immediately
outside was seen, and having the colours in the same order as the
first.

After this display of colour in the east had come to an end, and
no more clouds passed over the hill top, owing to the air being
now clear to the west, an interesting display of colour took place
in the west. At a point between the sun and the observer, there
was a break in the cloud stratum, and the air seemed to be rising
through this opening, and tearing the eastern edge of the cloud into
fragments, which it carried from the dark shadow up into the sun-
light. Here these fragments were rapidly dissolved in the dryer air
above, and as they dissolved they gave rise in their dying moments
to a brilliant display of opalescent colours, the different parts of
the vanishing fragments taking on the most brilliant colours, and
changing from one colour to another, and then vanishing so quickly
that it was impossible mentally to follow the rapid display.

The display of opalescent colours in the sky has been commented
on a good deal during the last few years, and Professor Tait has, I
think, remarked that it must take place oftener than is imagined.
There does seem to be a probability of it occurring often, but the
conditions necessary for the eye perceiving it do not seem to be
frequent. On this occasion the colours were seen against a dark
background, formed by the shadowed eastern edge of the cloud.
These colours were seen near the sun, at only a small angle from
it, and it would appear they are produced in the same way as the
colours in halos seen round the sun. In experimenting artificially
with these halos, it may be observed that the particular colour does
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not depend on the angle at which it is seen, but that it depends
also on the size of the fog particle producing it. For instance, if we
produce a cloudy condensation in a closed vessel placed between us
and a light, the light is surrounded by a coloured halo, but the
colour at any particular angle is not constant, but changes as we
change the size of the fog particles; so that if we have two
quantities of air, each with different sized particles in it, and both
of these seen at the same angular distance from the sun, we will see
different colours at the same angle and close to each other.

This mixture of colours producing the opalescent effect may be
produced artificially. All that is necessary is td place a vessel of
hot water nearly in a direct line between the observer and a bright
light. As the condensed vapour rising from the hot water re-evapor-
ates, the particles which were at first too large to give colour effects
shine out in brilliant colours when vaporized to the size necessary to
give the result. As the rising strata of air having different sized
particles in them are close to each other, different colours are seen in
close proximity, and as the size of the particles diminishes rapidly the
colours change quickly. These colours are best seen when the steam
is seen against a black surface, and the eye shaded from the direct
light of the lamp.

On this evening on the Eigi brilliantly coloured rings were also
seen surrounding the sun when just setting. The rings changed too
rapidly for anything definite to be noted. These rings did not appear
when a foggy cloud passed over the sun, but when there was only a fine
haze; that is, the cloud particles were too large to produce colours,
and it was only when they were nearly vaporized that the effects
were produced.

All the brilliant display of colour we were favoured with on the
21st was gone by the following day. The morning of the 22ird.
was fine, the clouds had all settled down to a much lower level,
to about 1000 feet below the top of the mountain, and the upper
surface of the cloud stratum had now become more irregular,
cumulus shapes tending to form at different places. During the
rest of my visit to this station the clouds gradually cleared away
and the weather was fine, and there were no other opportunities for
seeing these interesting colour phenomena.

When working at an elevated position such as the Eigi Kulm,
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one frequently observes a great difference in the condition of the
upper and lower airs; and while making the observations on the
transparency of the upper air which are entered in the table, a note
was at the same time kept of the state of the lower air as it changed
from hour to hour. As these latter observations bear directly on
our subject, I shall here make some extracts from my note-book,
and owing to the kindness of M. Billwiller of the Swiss Meteoro-
logical Office, Zurich, I am enabled to give the condition of the air
with regard to humidity at different places at the lower levels on
the dates corresponding to the Eigi observations.

Of the Swiss observations, those taken at Lucerne and Gersau are
the most suitable for our purpose, as Lucerne is situated down the
lake while Gersau is up the lake and on the opposite side of the
Eigi. So that, while the Lucerne observations may be taken to
represent the condition of the air towards the north of the Kigi,
and the more open and inhabited parts of Switzerland, the Gersau
ones will represent the condition of the air to the south and
mountainous parts.

On the 21st, owing to the fog, no view could be got of the lower
air. On the morning of the 22nd the view was still closed by the
stratum of clouds covering the country to the north. In the after-
noon, however, these clouds cleared away sufficiently to show the
condition of the lower air. In my notes it is recorded that the air
high up was fairly clear; but on looking down to lakes and valleys
it was decidedly thickish, and in the evening the air to the north,
east, and west was very thick, while to the south it did not thicken.
Turning now to the Swiss Meteorological Eeport for this day, I find
that at 1 P.M. the air to the north gave a depression of the wet bulb
of 4°-2 C.,rwhile that to the south gave 3°-0 C. But as the evening
advanced the humidity at Lucerne increased, and at 9 P.M. the de-
pression was only 1° C, while at Gersau the depression had increased
to 7°"6 C. Here we have a clearly indicated relation between the
transparency and the humidity. The observations on the hill top
being made in the afternoon, the air to the north would be more
nearly saturated than it was when the 1 P.M. readings were taken;
that is, the depression would be less than 4° C, and as stated the
air looked thickish. In the evening it got very thick owing to the
humidity increasing, the wet bulb depression decreasing to only
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1° C. Now note the difference, the air to the south did not thicken
in the evening, this was owing to the air on this side of the
mountain getting dryer as the evening approached.

On the morning of the 23rd the air low down was thick all
round, owing to the humidity being high on both sides of the
mountain. At Lucerne the depression was only 2° C, and at Gersau
only l°-4. In the afternoon matters changed, and became much the
same as they were on the afternoon of the previous day. The air
to the south was clear low down, but to the north it was thick and
hazy. To the north the wet bulb depression was 5°'2 C. at 1 P.M.,
and fell to 2° at 9 P.M., while in the south it was 3°-7 C. at 1 P.M.,
and increased to 7° "7 C. in the evening. Here again may be ob-
served the same relation between the transparency and the humidity.
The only difference of importance in the air on the 22nd and 23rd
was a strange blackness in the air to the north on the 23rd which
had not been observed on the previous day.

On the 24th and 25th nothing special was noted in the lower air
in the different directions. On both of these days the air was clear
both high up and low down, and on looking at the Swiss Meteoro-
logical Eeport I see the humidity was low on these days in both direc-
tions. At Lucerne the wet bulb depression at 1 P.M. was as much as
7 °-8 C. on the 24th and 8°-4 C. on the 25th, and at Gersau it was 9°-l
C. and 9°'6 C. respectively, and in the evening the air kept fairly dry
at both places. All through these observations of the air below the
mountain we find the relation between the humidity and the trans-
parency to hold good. Increased dryness was always accompanied
by increased transparency. I was much struck while making these
observations with the difference in the appearance of the air low
down when looking north and when looking south of the mountain,
and thought it might be due to the amount of dust in the two
directions, the thickest air being towards the inhabited parts of
the country. At the time I did not expect this difference in the
humidity of the air at the two places which the Swiss observations
show. It would be difficult to trace the cause of this difference in
the humidity of the two places which are so near each other. Any
attempt to trace it to direction of wind would be difficult owing to
the influence of the surrounding mountains in producing local
currents. It is quite possible the difference in the air to the north
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and south of the mountain may have partly been due to the amount
of dust in it, and the blackness noticed on the 23rd may have been
due to this cause, as at Lucerne the wind in the early morning of
that day was blowing from the north, and would bring polluted air
up from the populated parts of the country. This north wind did
not seem to penetrate into the mountainous parts south of the Eigi,
as the wind at Gersau was south-west.

It may be asked, Is the air at the top of a mountain polluted to
any extent by the valley air 1 Is the air on the mountain top the
same as we breathe in the valley, only reduced in pressure 1 No
very direct answer can be given to this question. There seems
however, to be very little doubt that the valley air frequently
rises to the tops of hills, but this valley air will generally be more
or less mixed with the purer upper air, the amount of impure air
depending on the height, the shape of the hill, and other causes.

It will be observed from the observations made on the 25th of
May on the Eigi Kulm and at Vitznau at the foot of the mountain,
that there was no very great difference in the amount of dust in
the air at the two places. When allowance is made for the higher
pressure at the lower station, there was less at the foot at midday
than at the top in the morning. For practical purposes we may
look on the dust on these two occasions as being the same, showing
that in all probability the air tested at the foot of the mountain
was the same as at the top. This, however, does not prove that the
air of the valley ascended to the mountain top, because on this
occasion a strong wind was blowing and the air was coming from
the unpolluted area of the Alps, so that both the upper and lower
air might have been free from local impurities. The observations
made on Callievar showed there was much less dust in the air at
the top than at the foot; still they also showed that the air came
up from the valley as the numbers increased with a change of wind
from a populated direction. The observations made on Finouillet
show the air at that station to be frequently very impure from the
ascent of valley air. The Eigi observations also show that in all
probability the valley air came to the hill top of course more or
less diluted with pure air. "When there was little wind, as 'on the
21st, the amount of dust was small; but on the 23rd, when the
wind began to blow, the amount of dust gradually increased to a
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fair number of particles, and only decreased after blowing some
time.

When on the Eigi it was also noticed when there were clouds
in the valley, that the wind in driving them along, also drove them
up the slopes of the mountains, sometimes to the very top. The
condensation of the moist air in the clouds supplied some of the energy
necessary for the ascent, as in some cases the clouds were seen to leave
the hill-side and rise nearly vertically. We therefore seem to have
very good reason for supposing that even at such an isolated position
as the Eigi Kulm the air is more or less polluted with valley air. At
stations on the tops, or on the slopes of long ridge-shaped hills, the
air will be practically valley air when the wind is at right angles to
the ridge. -

There is another point which I noticed at this elevated situation,
•with which I shall close these Eigi notes. It has reference to the
colouring of earth and sky seen at sunrise and sunset when observed
from the top of mountains. I think the general impression is that
the colouring is much finer on these occasions when seen from an
elevation than from the valley. Now the result of my observations
during my stay at the Eigi Kulm all point the other way.

The weather was favourable for seeing the sun rise and set on
all the days I was there, and yet on none of them did I see any
display of colour; indeed, I was much struck by the want of it.
On the 24th, which was the finest sunrise during the time, the dis-
tant snows were tinged slightly red for a few minutes only while the
sun was just on the horizon; immediately it got a very little clear of
the horizon all colour was gone. The same was the case with the
sunsets, greys predominated over other colours. Now during this
time I was told that, as seen from Lucerne, the sunsets were remark-
ably fine for colour effects. This would seem to indicate that the
colouring, at least under the conditions existing during my visit,
was mostly done by the lower air-—that the pure air between the
mountains and the sun robbed the sun's rays of but little of their
blue light, and that it was the lower impure air between the hills
and the observer to which most of the colouring was due.

This" supposition, that the lower dusty humid air is the chief
cause of the colour in sunset effects is supported by other observa-
tions. "When on the top of the mountain I frequently saw large
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cumulus clouds; the near ones were always snowy white, while it was
only the distant ones that were tarnished yellow, showing that the
light came to these clouds unchanged, and it was only the air between
the far distant clouds and the observer that tarnished them yellow,
it required a great distance at this elevation to give even a slight
colouring. It seems probable that the lurid light of thunder clouds
owes its colouring to the dust and humidity of the lower air being
excessive at the time, and that these clouds are really white, if we
saw them near enough, it being the heavy moist air near the earth
which changes the white to a reddish colour in its passage to the
observer. We seem therefore to have good reason for supposing
that the colouring at sunrise and sunset will be more brilliant when
seen from the valley than from the mountain top.

Dust and Wind.

It may now be asked, Are there any other meteorological pheno-
mena connected with the amount of dust in our atmosphere 1 It is
evidently rather soon to begin drawing conclusions on the relation
beween dust and many of the complex phenomena in nature, as the
number of observations yet taken is far too small, and many of them
are not free from local influences, which greatly reduce their value.
There are, however, one or two points to which we may here refer;
but it must be clearly understood that anything we have to say in
this part of the paper cannot be taken as indicating anything
final. They are given more as suggestions as to some of the many
points in connection with our subject which await investigation.

One of the first things a meteorologist is likely to ask is, Do you
find any relation between the amount of dust in our atmosphere
and the distribution of pressure? Has the air in cyclonic and anti-
cyclonic areas the same amount of dust ? The answer to the question
is easy and direct, but the interpretation of the answer is mere diffi-
cult. There is no doubt from the observations here given that, as
a rule there is less dust in cyclonic than in anticyclonic areas. For
instance, when the observations were made at Kingairloch, on all
days on which the number of particles was low, a cyclone was
passing near, and on all days the number was great the circulation
was anticyclonic or complicated.

To illustrate this, the diagram given on Plate No. 1 has been pre-
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pared. At the bottom of the diagram are the dates on which the
observations were made, and underneath the date is marked whether
the station was in a cyclonic or anticyclonic area, A. indicating anti-
cyclonic, C. cyclonic, and ? indicating that it could not be said to be
in either the one or the other. In the diagram is shown the number
of particles observed on each day. Each observation, given in the
table referred to in a previous part of this paper, is indicated in
the diagram by a small circle, the height of the circle above the
base line indicating the amount of dust on the date, the scale
being shown on the right hand side of the diagram. These dust
observations are all connected by means of a dotted line. It will
be noticed that in a general way the numbers were least in cyclonic
areas.

Plate No. 2 illustrates the same thing for the Alford observa-
tions. Here the circulation was anticyclonic for the first four days,
and the number of particles was high. A cyclone passed on the
9th, and the number fell to about one-third. The circulation was
doubtful on the 10th and 11th, but on the following days it was
generally antieyclonic, but it will be observed that the numbers
were low during the beginning of this period. A curious point was
the great increase which took place on the 16th. The number in
the morning was 1125, but it rapidly increased during the day, and
rose to 5700 in the afternoon. In connection with this it may be
interesting to note that on the previous day the centre of the anti-
cyclone had passed over this station, and on the 16th lay imme-
diately to the east of it.

Taking now the Dumfries observations, which are shown on
Plate No. 3, it will be noticed that the relation between the
dust and the barometric distribution was more marked than in the
previous cases. The circulation was cyclonic on the following
dates—October 29th, 30th, 31st, November 1st, 2nd, 5th, 6th, and
15th, on all of which dates there was little dust. On only other two
days was there little dust, namely, on the 25th October and 9th
November. On these days the number was low and circulation
anticyclonic. The high numbers were all got in anticyclonic or
complicated areas.

Now comes the question, What interpretation are we to put on
these facts? If the anticyclonic areas have more dust in them than
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the cyclonic, then this at first sight might seem to indicate that
anticyclonic air is more impure than cyclonic; that is, that air
moving from areas of high pressure, which is generally supposed to
come from the upper strata, has more dust than that near the earth,
which would be equivalent to saying that meteors falling into our
atmosphere produce more dust in the upper strata than is thrown
into the lower by all the sources of pollution on the earth's surface
in country districts.

There is, however, evidently another interpretation of these facts.
One marked difference between a cyclonic and an anticyclonic area
is, that the isobars in the former are much closer together than in
the latter; that is, the barometric gradient is steeper in the cyclonic
areas; or what this indicates is that there is more wind in the
cyclonic than in the anticyclonic areas. That is to say, that in cyclonic
areas there are high winds and little dust, while in anticyclonic
areas there is little or no wind, and the amount of dust is great.
Accepting this explanation of the greater or less amount of dust
in the two areas, let us see how it is borne out by the observations.

In order to investigate this point we may lay off a series of
points representing the distance between the isobars, on the
different dates. The height of this curve would be inversely pro-
portional to the velocity of the wind. Instead of using the baro-
metric curves, we will use the observations of the velocity of the
wind observed at the stations. These observations are entered in
the diagram and connected by a fine line. It will be seen in
diagram No. 1 that the fall in dust which took place on the 6th
was accompanied by a rise of wind, and that the fall of the wind on
the 9th was accompanied by an increase in the dust. The wind
increased on the 10th, and the dust fell; but on the 12th, 13th, 15th,
and 16 th both curves rose and fell together. In diagram No. 2 it
will be seen that both wind and dust rose and fell together from
the 5th to the 9th, but on the 9th the wind increased and cleared
away the high dust that had prevailed for some days. From the
9th to the 13th the dust increased whenever the wind got less,
but on the 16th a great increase in dust took place with a slight
increase in wind. When, however, we come to diagram No. 3, the
relation between the wind and the dust is much more marked.
It will be observed- that almost every rise of wind is accompanied
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by a fall in dust, and a fall in wind with an increase of dust. It
seems therefore that the amount of dust is not so much a question
of cyclonic or anticyclonic areas, as of wind velocity. It will b©
noticed that the exceptions in the Dumfries observations on the
25th October and 9 th November, when the numbers were small and
the distribution of pressure anticyclonic, have no existence where
we adopt the wind explanation.

Having traced the connection between the number of particles
and the velocity of the wind at low levels, the question still
remains, What is the action of the wind ? Two explanations seem
possible. The wind will evidently mix the upper and lower airs,
and may thus prevent the number being great, either by preventing
the dust in the upper atmosphere from settling into the lower, or
it may prevent the accumulation of local impurities, from which
no locality is entirely free. The latter of these suggestions seems
to be the more probable, as the atmospheric dust is so excessively
fine that it is likely to take long to settle, and the duration of calms
does not seem long enough for it settling from the upper strata.
There is no doubt that for all the dust to settle out of even a few
feet a very long time is necessary. It must, however, be kept in
mind, that while all the dust takes long to settle, the heavier
particles will fall quicker, and these no doubt in calm weather will
add something to the impurity of the lower air. It, however, seems
probable that the absence of wind will act chiefly in allowing local
impurities to accumulate and keep near the ground. It may be as
well to recall here, that on the Eigi Kulm, the lowest number of
dust particles was recorded in calm weather; and that with increase
of wind increase of dust took place, which increase continued
till the wind had blown some time, thus indicating the power of
the wind to make the upper air impure, and the complement of this
will be to make the lower air purer.

That the increase of dust during calm periods is principally due
to the accumulation of local impurities, seems to be supported by
the difference, already pointed out, of the effect of wind as shown
in the three diagrams. At Dumfries the relation between the
amount of dust and wind velocity is constant all through, while at
Kingairloch and Alford there were marked exceptions to it. Now,
Dumfries is a much more polluted district than the others, and it is.
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polluted in all directions, whereas the other stations are not polluted
equally in all directions. It seems, therefore, to be on this accumu-
lated local impurity that the wind acts.

Another point which is shown in the diagrams Nos. 1, 2, and 3,
is the influence of the direction of the wind on the amount of dust.
At the foot of these diagrams are entered arrows showing the direc-
tion of the wind at the dates. The lower arrow shows the direction
of wind as observed at the station. The upper one is from the
weather charts issued by the Meteorological Office. These upper
arrows will probably represent the general air circulation, while the
lower ones will frequently be purely local. It will be observed
that when the wind came from populous parts of the country, the
numbers were generally large. Taking the Kingairloch observa-
tions,—all the country from the south to the east is thickly popu-
lated, but in all other directions there are but few habitations. On
the 9 th, with a light wind from the south, the number was great;
whereas, with a light wind from the east or north, the number was
less. The high numbers were all with southerly winds. At Alford,
the most densely populated direction is from east to nearly south,
and it will be observed that it was with winds from these directions
that the greatest amount of dust was observed. The low numbers
observed at this station, when the wind was slight from the 11th to
the 14th, was probably due to the air coming from a comparatively
poorly populated district. This seems to explain why on these
days the number of particles was not great, as is generally the case
when the wind falls. It will be noticed that the wind was south
when the great increase of dust occurred on the 16th, with increase
of wind. The effect of the direction of wind is not so apparent in
the Dumfries observations, probably owing to this station being
surrounded on all sides by towns and villages. It is, however,
interesting to note that the northerly winds which were pure at the
other stations were found to be impure here. The reason for this
probably is, that many towns, as well as iron and other works, lie
in that direction.

Fog.

The condition of the air during fog has been tested in a number
of cases, of which no record is given here, and in all of them there
was found a great quantity of dust. This is what we should now
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expect, as fogs are formed when the air is still, and we have seen
that when this happens the quantity of dust increases. The ex-
planation of the formation of fogs would appear to be,—calms tend
to increase the quantity of dust and moisture in the air near the
ground, and as the dust increases the radiating power of the air it
soon gets chilled to the condensing point, when fog forms. The
density of the resulting fog depends in part on the quantity of dust
present, as town fogs are thicker as well as blacker than country
ones. These remarks only apply to radiation fogs, and not to fogs
resulting from the mixing of hot and cold air, nor to fogs formed
by reduction of pressure. Fogs seem to be much more frequent in
town than in country air. This possibly may be due in part to the
greater amount of dust in the city air increasing its radiating power,
so causing it to become colder than country air, when there is no
protection above it. If the air was clear and perfectly diather-
manous, then the radiation would be only from bodies on the earth's
surface. The air would then be cooled by these surfaces, and
deposit its vapour on them as dew; but when there is much dust
in the air, these particles acting as radiating surfaces get cooled, and
the vapour being deposited on them, fog is the result.

Speculations.

Another question which may be asked is, Is there any relation
between the amount of dust and the temperature of the air ? It
has been shown that there is a distinct connection between the
amount of dust in the air and its transparency. We are, there-
fore, led to expect that the dust will have some effect on the
temperature, by the alteration it will effect on the diathermancy
of the air. In order to see if any information can be gained on this
point from these observations, there are entered in the diagrams,
Plates I, II and III, the maximum and minimum temperatures
of the air on the days on which the dust observations were taken.
It is evident that there are two distinct effects of the dust which
we must distinguish. First, its effect on the heat received by the
earth from the sun; and second, its effect on the heat radiated into
space by the earth. "We may expect the former of these effects will
be best seen in summer, when the sun is high, while the latter will
be best studied during night temperatures and during winter.
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For investigating whether the amount of dust in the air has any
influence on its temperature while the sun is shining, the only-
observations illustrating the point are those made at Kingairlooh in
July; the others made in September, October, and November,
when the sun was low, shew no marked effect from its rays. When
we examined the Kingairloch observations, we were struck by the
marked relation shown between maximum temperature and the
amount of dust. It will be observed that the curve of maximum
temperature shows four maxima, and that the dust curve has also
four maxima, and that three of these maxima of dust happen on the
three days of maximum temperature. On the 4th, 9th, and 13th it
will be seen both dust and temperature were above the average. The
same thing though not so marked, may be noticed in the Alford
observations. At the beginning of the observations both dust and
temperature were high; both fell towards the end, and just at the
finish both rose again.

These considerations point to a connection between the amount of
dust and the temperature; the greater the amount of dust the higher
was the maximum temperature. But what explanation are we to put
on this? Is it a case of cause and effect? or are both due to one cause ?
or is it merely a coincidence? One would have expected that the
phenomena are far too complex for any such effect to show out so
clearly as it seems to do in these records. Amongst other influencing
causes besides dust, there is the wind. The force of the wind does
not seem to assist in explaining the agreement between the dust
and the temperature curves in these cases ; the direction of the wind,
however, seems to have some effect. For instance, the wind was
somewhat southerly with the high temperatures, but southerly winds
at these stations are generally accompanied with much dust, while the
northerly ones have a lower temperature, and little dust. This, how-
ever, does not dispose of the whole question, as the greater or less
dust in the different winds may be in part the cause of the difference
in their temperature. We do not find any influence of the dust on the
maximum temperature in the Dumfries observations; when the sun
is low, the direction of the wind seems to be the principal influencing
cause. Most of the high temperatures occurred with southerly to
westerly winds.

Humidity, no doubt, will have a powerful influence on the
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temperature apart from its effect as a vapour, as a high humidity

will increase the effect of the dust by increasing the size of the

particles, while a low humidity will decrease the influence. The

records of observation are as yet too fragmentary to warrant the

drawing of any general conclusions on this subject.

Before the relation between the dust and the temperature can be

settled with any degree of certainty, far more data are required.

We would require to have, along with the dust tests, records of the

strength of the sunshine taken by a more accurate method than the

ordinary black-bulb vacuum thermometer; and also records of the

hours of sunshine, the direction and velocity of the wind, not made

at long intervals but continuously.

"We shall now turn to the diagrams, and see if the earth's radia-

tion at night is influenced by the amount of dust in the air, but

our information is too meagre for a correct interpretation of the varia-

tions in temperature. The fall of temperature at night being due

to the earth's radiation, before we can compare the cooling on

different nights, continuous records of the amount of cloud in the

sky are required, as well as the direction and velocity of the wind.

As no records were kept of the clouds at night, and only imperfect

ones of the wind, any conclusion we may draw from these curves

will be of little value. The Dumfries observations will be most

suitable for studying the night radiations, as they were taken during

the long nights of winter. At first sight there does not seem to be

any relation between the amount of dust and the cooling taking place

at night. The reason for this is, that there are other influences at

work besides dust, and one of these is the velocity of the wind—a

high velocity preventing an accumulation of cold air near the earth's

surface by mixing the cooled air with the warmer upper air. The

Dumfries observations show that on all nights when there was wind

the fall in temperature was slight, and that great falls only took place

in calm weather. To get the effect of dust we must therefore com-

pare only nights on which there was no wind or only slight airs. In

order to assist our inquiry, there is placed in the diagram of the

Dumfries observations another series of temperature observations

taken by means of a minimum thermometer placed on the grass.

These observations are shown connected by the curve underneath

the curve of minimum air temperature. The difference between
VOL. XVII. 26/6/90 Q
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these two curves, or the difference between the minimum air tem-
perature and the minimum ground temperature, shows the intensity
of the earth's radiation on the different nights. As the air is
partly cooled by its passage over surfaces cooled by radiation,
we might expect the fall of temperature from the previous day's
maximum would be proportional to the difference between the
minimum temperature and the minimum temperature on the grass.
This, however, will only be the case when all other things are
equal, such as amount and duration of cloud, diathermancy of upper
air, radiating power of lower air, and velocity of wind.

Selecting the nights on which there was little wind, let us see if
we can trace any effect due to dust. On the 30th October there
was very little dust, and it will be noticed there was a great fall in
the temperature on the following night, though the wind does not
seem to have fallen very low. On this date the air was the purest
observed at this station, and on the following night the radiation
was the greatest observed. The fall in temperature of the air,
though considerable, was not the greatest recorded; but we are not
entitled to expect it would be, as the fall in temperature of the air
depends on the duration as well as on the intensity of the radiation.
No very satisfactory conclusion can be drawn from the other
observations, as on the occasions when the amount of dust was low
there seems to have generally been some wind, and this would
check the fall of the thermometer on the grass. Further the dust
observations were not taken at sufficiently short intervals for
ascertaining whether the air at night had the same amount of dust
as on the previous evening, or on the following morning. It may
be as well to notice here, that on the 12th November there was a
fair amount of dust, and yet the temperature fell considerably at
night. The reason for this would seem to be, that though there
was a good deal of dust, it was probably confined to the lower
stratum of air, so that while the lower air was a good radiator
from the amount of dust in it, it was unprotected above by dusty
air. The reason for stating this is that on the following morning,
tne 13th, when the amount of dust was great, there was a dense fog,
but this fog was only low down, while immediately overhead the
sky looked clear.

The relation between the dust and the night temperature appeared
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in an interesting way in the Alford observations. For some days
towards the end of the observations it will be noticed that the amount
of dust was small, and the night minimum steadily decreased,
while the small amount of dust continued. But on the 16th, the
last day the tests were made, when the sudden increase of dust took
place, there was a change also in the minimum temperature, which,
instead of falling to a lower point, was the following night higher
by nearly 12°. We must not, however, conclude that these
changes of night, temperature were entirely due to dust, as it will
be noticed that the wind was occasionally northerly while the
low night temperatures lasted, and that on the 15th the direction
changed to southerly.

In the previous remarks there is something like a contradiction,
which it may be as well to explain here. It is stated that the wind
decreases the amount of dust, and also that it raises the minimum
temperature. It is further stated that a decrease in dust is accom-
panied by a low minimum temperature. This apparent contra-
diction disappears when we consider that it is only when the wind
has fallen that we can see the effect of the low dust in producing
a low temperature.

We might sum up the results thus:—1st, During the summer
there was generally a high maximum temperature when there was
a maximum of dust in the air. 2nd, There was a tendency to a
low temperature at night when there was little dust in the air.
3rd, During the time of the Dumfries observations the mean tem-
perature was high, and the amount of dust great.

Stated in another way, it amounts to this, that dust increases
the day temperature and checks the fall at night, thus increasing
the mean temperature. If this be so, then it looks as if the dust
absorbs the sun's heat during the day, but does not radiate the
earth's heat at night. We might expect that the condition of air
that got highly heated by the sun's rays would be greatly cooled
at night by radiation. It will be as well, however, to remember
that at present we are in great ignorance as to the diathermancy
and radiating power of our atmosphere, and further it is easy to see
that the heating and cooling will take place under different condi-
tions. The sun's rays heat the air, and evaporate the moisture
from the dust particles, and so tend to open the atmosphere to the
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passage of heat through it; whereas, at night, an opposite action
takes place. The chilling tends to deposit moisture on dust, and
so impede terrestrial radiation.

In connection with this subject, there is a point that has been
observed for some years, with regard to the earth's radiation, which,
as is bears on our subject, we may refer to here. For some years
I have taken the usual meteorological observations, and along with
these there lias been kept a record of the earth's radiation at night.
"When taking the readings in the evening, it has been noticed that
on the evenings when there were no clouds, that the radiation
effect was strongest just about sunset. If it was observed shortly
afterwards, the radiation was almost always weaker, even though
the sky kept clear. This would seem to indicate that the air
is more diathermanous to terrestrial radiation just about sunset
than it is later. The explanation which I would now offer of this
is, that at sunset the air is more diathermanous than it is later, on
account of the dust in the air holding little moisture. After the
sun has been set for some time the air chills, and the dust particles
increase in size by the vapour deposited on them; and this increase
in size tends to check the free passage of the earth's heat into
space. It is evident we cannot here attribute the decreased diather-
mancy, with the advance of the evening, to the action of the water
in its gaseous form, as there is at that time no sudden increase in
its amount in the air. It would rather appear to be due to change
which then takes place in the condition of the moisture from vapour
to liquid. I have said the air is more diathermanous just about
sunset than it is later. Probably it is more diathermanous to the
earth's variations during the day than it is at sunset; but observa-
tions on this point are difficult to make, owing to the complications
introduced by the sun's heat radiated and reflected by our atmo-
sphere.

At first sight, we might think that the truth or falsehood of these
conclusions might be easily determined. If dust increased the day
temperature and decreased the fall at night, then the mean tempera-
ture will be increased by a large amount of dust. Can it then be
proved from general meteorology that this is the easel Do inhabited
countries have a higher mean temperature than uninhabited ones,
other things being equal; or has the temperature of these islands
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risen since coal has come into such extensive use; or is the tempera-
ture of a place higher when the wind brings dust-laden air to it
from a populous district than when it brings pure air; or has the
temperature in the populous parts of New Zealand or Australia
increased with the increase of population 1 Unfortunately this is a
case where, while a positive reply might support the conclusion, a
negative one does not weaken, it, because the dust from human
habitations keeps near the ground, and if there is no protection
above it, its effect will probably be, not to keep up the night
temperature, but rather to lower it, on account of the increased
radiating power of the atmosphere caused by the dust,

There is still another reason why we must move here with caution.
Should the possibility here shadowed forth'become a reality, then we
should find it entering the arena of one of the most highly contested
fields of scientific speculation—we should find it claiming to be the
great regulator of the earth's climate in bygone ages. Meteorolo-
gists would be disputing with astronomers, and claiming for their
domain the cause of the great changes which geologists tell us have
taken place in the earth's climate from time to time. They would
no longer ask the astronomer if he could tilt the earth's axis so as
to bring first one part and then another under the influence of the
sun's rays. All the meteorologist would have to do would be in
imagination to steer the solar system into a part of space where
meteoric matter was absent. Were cosmic dust absent from the
earth's atmosphere, the earth's heat would have a freer passage into
space, and a glacial climate would be the result. To change this,
it would only be necessary that the system passed to where meteoric
matter was abundant, when the earth's atmosphere, now full of
cosmic dust, would conserve the sun's rays and its own heat, and
thus cause the glacial conditions to disappear.

Such are some of the problems suggested by this investigation,
none of which are worked out, and some only suggested. It is of
course possible, perhaps probable, that many of the conclusions here
set forth may be quite wrong. The whole phenomena are too con-
plex to be solved so easily, and it will require continued records of
all the meteorological phenomena, extending over long periods, and
under many different conditions, before many of these conclusions
can be satisfactorily established.
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Conclusions.

The following are some of the conclusions arrived at in this
paper:—

1st, The earth's atmosphere is greatly polluted with dust pro-
duced by human agency.

2nd, This dust is carried to considerable elevations by the hot
air rising over cities, by the hot and moist air rising from sun
heated areas of the earth's surface, and by winds driving the
dusty air up the slopes of hills.

3rd, The transparency of the air depends on the number of dust
particles in it, and also on its humidity. The less the dust the more
transparent is the air, and the dryer the air the more transparent it
is. There is no evidence that humidity alone—that is, water in
its gaseous condition, and apart from dust—has any effect on the
transparency.

4th, The dust particles in the atmosphere have vapour con-
densed on them though the air itself may not be saturated.

5th, The amount of vapour condensed on the dust in unsaturated
air depends on the " relative humidity," and also on the " absolute
humidity " of the air. The higher the humidity and the higher
the vapour tension, the greater is the amount of moisture held by
the dust particles when the air is not saturated.

6th, Haze is generally produced by dust, and if the air be dry,
the vapour has but little effect, and the density of the haze depends
chiefly on the number of particles present.

7th, None of the tests made of the Mediterranean sea air show-
it to be very free from dust.

8th, The amount of dust in the atmosphere of pure country dis-
tricts varies with the velocity and the direction of the wind. Fall
of wind being accompanied by an increase in dust. Winds blowing
from populous districts generally bring dusty air.

9th, The observations are still too few to afford satisfactory
evidence of the relation between the amount of dust in the atmo-
sphere and climate.
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TABLE OP THE NUMBER OP DDST PARTICLES IN THE ATMOSPHERE.

Place.

Hyeres, . .
Finouillet, .
Hyeres, . .

Finouillet, .

La Plage,

1(

Finouillet, .

Cannes, . .

Mentone,. .

Bellagio, . .

Baveno, . .

)(

Simplon Pass,

Baveno, . .

Locarno, . .

RigiKulm, .

Date.

Mar.
19
21
22

23
,,

25

29

lf

Apr.
3

10

ii
12

13

25

27
May

3

6
7
8

13
f)
14

: i

15
1(

)(

16
5)

fJ

17
» i

18

21

22

Hour.

10.0 a.m.
3.30 a.m.

11.0 a.m.

3.15 p.m.
3.45 p.m.
4.0 p.m.

12.0"
1.30 p.m.
1-45 p.m.
2.0 p.m.

3.80 p.m.

11.0a.m.

11.30* a.m.
10.30 a.m.

11.80 a.m.

3.0 p.m.

10.0 a.m.

11.15 a.m.
3.0 p.m.
3.30 p.m.
3.0 p.m.
2.30 p.m.

12.30 p.m.
10.30 a.m.
3.30 p.m.

11.0 a.m.

3.0 p.m.
10.30 a.m.
12.15 p.m.
2.0 p.m.
3.0 p.m.

10.0 a.m.
3.30 p.m.

3.45 p.m.
4.0 p.m.

10.0 a.m;
11.15 a.m.
4.0 p.m.

2.0 p.m.
3.30 p.m.
4.30 p.m.

9.30 a.m.

11.30 a.m.

3.30 p.m.

4.30p.m.

Number
of Par-
ticles

per c.c.

46,000
5,000
9,000
5,600
4,100

19,000
3,560

10,000
2,150
4,800
1,850
1,800

4,400
4,500

25,600
24,400

1,550
1,600
1,950

140,000
150,000
135,000
10,000
12,000
1,200
7,200
5,000

10,000
10,000
9,500
3,000
5,600
2,900
9,000
6,780
3,200

3,800
10,000

6,120
4,500
2,900
5,600

850

546
14,000
6,250
6,600
1,150

1,300
285
210
227850
700
434
518

1,450
1,550
1,550
2,050
2,200
2,350
2,050

Wind.

S.E. 1
W. 1
W . I

S.W. 1

w'.'i
S.E. 1

S.E. 0-5

N.W. 6

W.'3

',]
S.W. 3

E. 1

S. 0-5

N.W. 1
S.E. 1

S.E. 0-5

S.W. 0-5
S. 0-5

S.W. 0-2
S. 0-2
S.W. 1

N.W. 0-2

N.W. 3

N.W. 4
Calm

E. 0-1
E. 0-2

N.W. 3
N.W. 0-5

S.E. 0-5
S.E. 0-5

N."2

Variable

s.isl 2

• •<

er
a-

...

61-2

55'

65-5

54"
63

58
1f

62
1:

64

64
63

60
66-5
62
70

se'-s
57
58

59*

58"

65"

46
,,

45

si'

55

so"

a
n

11
10
11

9"

13"

13
,,
,,
,,

13

8:5
51

13

2"
10

,,

7
,,

12
M

13

7
6

8
7'5
S

10

8-6

4
2
...
2

3V5

6

6*

1-5

l-«

is"

4

...
4

State of
the Air.

Clear.
t1
...

Thickish.
Very thick.
Clear.

Extly. clear.

Clear.

Veiy clear.

Very thick.
Very clear.

Thickish.

Very clear.
n
,,

Thickish.
,,
f]

Thick.
Thick.
Very thick.
Thick.

Very thick.

Thickish.

Extly.'thick.
Very thick.
Very thick.
Clear.

,,

Medium.
,,

Thickish.

Thick fog.
,,

Clear.

Haze.

Remarks.

At window of hotel.
Near top of mountain.
At window of the hotel.

Near the top of the mountain.
,, beginning to rain.

At top of mountain.
Number very variable.
Taken on the beach.
Wind fallen.
At 100 yards from shore.
At 250 ,, ,,

Observed on top of mountain.

Wind direct from Toulon.
Observed on the top of La

Croix des Gardes.

it tt

Large number due to wind blow-
ing from the town.

On pier in west bay.
On shore in west bay.
Observed on hill about 1000 feet

high to the N.W. of Mentone.
Observed in small boat outside

the pier.
Observed at open window.
Observed on the top of the Villa

Serbelloni.
At open window, rain.
Taken at window.

„ „ been rain.
Taken at window.

u ti

,, „ wet night, rain-
ing, distant thunder.

At window, still raining.
,, „ raining, calm.
»J u ti
It JI H
>» i t 11

,, „ wet morning.
Taken a short way up the

Simplon Pass.

Increase due to change of wind.
Taken at window.

11 ii

Taken on hill side at 600 feet
above the lake.

Taken on the top of the hill.
,, ,

Occasional passing fog.
Thunder storm to the east.

11 1 .
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NTJMBBE OF DUST PARTICLES—continued.

Places.

RigiKulm, .

Vitznau, . .

Lucerne, . .

Eiffel Tower,

Paris

London, . ,

Date.

May
23

'*

„

24
»»

25

26

29

..

»

Mar.
15

June
3

Hour.

10.0 a.m.

11.0 a.m.

3.30'p.m.

*'

4.30 p.m.
10.0 a.m.

11.0a.m.
4.0 p.m.

5.0 p.m.

9.o'a.m.

12.30 p.m.

5.0 p.m.

6.30 p.m.
10.30 a.m.
2.0 p.m.
3.0 p.m.

4.0 p.m.
10.0 a.m.
10 15 a m.

,,

12.0a.m.

1.30 p.m.
2.15 p.m.

4.0 p.m.

11.30 a.m.

10.0 a,m.

12.0 a.m.

Number
of Par-
ticles

per c.c.

850
1,100

580
515
860
571

1,080
1,036

850
850
860
600
600
840
665
860
685
665
665
617
395
392
350
575
592
532
540
560
580
547
586
616
616
650
652

1,970
23,000
7,500
2,330
2,400
2,160
2,750
8,000
3,660

41,000
52,000
15,000
3,300
6,600

104,000
45,400
62,000
22,400
2,850

226
24,000
42,000
56,000
43,000

210,000
134,000
160,000

92,000

102,000
140,000
88,000

Wind.

S.E. 3

S.E. 2

S.E. 1

S.S'.'E. I

S.E. 8

S.E. 3

N. 0-5
N.E. 0-5

S. 3

S. 5

S. 6

S."4

N.E. 2

W. 2.

T
em

pe
ra

-
tu

re
.

54-5

53-5
63-5

58

51
53-5

H
um

id
ity

.

8

95
9-5

11

8
10

14

14

13

State of
the Air.

Clear.

Very clear.

Very clear.

Very clear.

Very clear.

Very clear.

Medium.

Remarks.

Some clouds below the level of
the hill top, and on the moun-
tains to south-east.

Thunderstorm to the south-
east, but distant.

Low clouds all gone.

Taken on the top of the moun-
tain.

Taken at the level of the lake.

Taken on lake side at a distance
of one mile to the windward
of the town.

At hotel window over garden.

Taken in a field about a mile to
the windward of the town.

Taken at an elevation of 200 m.
Taken at the top of the tower

immediately underneath the
lantern for the electric light
at an elevation of nearly 300 m.

Heavy shower of rain.
Rain ceased.
Taken at an elevation of 200 m.
Taken at an elevation of 115 m.

Taken in the garden of the Mete-
orological Office.

Taken at window in Victoria
Street.

Taken in a garden, the wind
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NUMBER OF DUST PARTICLES—continued.

Places. iDate.

London, . .

Ktagairloch.

Ben Nevis, .

Alford, . .

Callievar,. .

Alford, . .

Junei

July

16

17
Aug.

1

Sept.
5

Hour.

1.0 p.m.
2.30 p.m.

12.30 p.m.

7.o'p.m.

ll.o'Lm.

7.o'p.m.

10.0 a.m.

10.30a.m.

1.0 p.m.

1.30 p.m.
4.30 p.m.

10.0a.m.

lO.o'a.m.

12.30p.m.
6.0 p.m.

11.30 a.m.
5.30 p.m.

10.30 a.m,

1.0p.m.

11.3o'a.m.

2.0 p.m.

10.0 a.m.

1.30 p.m.

10.0 a.m.

1.0 p.m.
3.0 p.m.

11.0 a.m.
5.30 p.m.

10.30 a.m.
10.0 a.m.
9.0 a.m.

12.0 a.m.

2.0 p.m.

4.30a.m.
9.30 a.m.
6.0 p.m.

10.0 a.m.

Number]
of Par-
ticles

per c.c.

84,000
116,000
48,000
84,000

150,000

3,150
3,000
2,150
2,250
2,200
3,600
4,000
1,550
1,250
1,250
1,550
1,500
1,000
1,000

400
325
336
385
303
205
250

1,650
1,450
2,500
2,500
2,400
1,230
2,650

814
710

3,000
3,000
2,900
3,100

425
550
550

1,900
1,850
1,400
1,300

800
850

510

335
473

2,000
1,800
3,850
2,750
3,000

262
336
475
475
900

1,750
530

1,125

Wind.

W. 3.

S.E. 1.

E. 1.
|70

W.I.

s.isV I .

VariaWe. |61

N.W. 2.

160

N.W. 2.

S.'b-2

S. 0-5
E. 1
E. 3

S.E. 0-5
S.I

Variable. |56

N.W.I

Variable.

57

59"

62"

59

45
45-5

Variable. 71 '2

E. 0-2

S.W.I

E. 1
E. 0-5
S.W.I
S.W. 3

s.w!w. 3

s.w!w. 2
W. 0-5
S.W. 1

Variable

8.2

13

164
61
|59
60
62-5

65"

68

107

109
62

10-1

State of
the Air.

Haze.

Thick haze.

Thick.

Thick.

Clear."

Clear.

Medium.

Medium.

Clear.
Thickish.
Medium.
Clear.
Thick.

Clear.

Thick."

Medium.

Very clear.

Very clear.

Hazy.

Thick.

Very thick.
Thickish.
Clear.

Thickish.
Hazy.
Thick.

Remarks.

blowing direct from Battersea
Park.

Wind increased.

At window in Victoria Street.

Observations made at about 50
feet above the level of the sea.

Clouds on hill tops.

Cloudy, with occasional showers.

Dull morning.

Been raining.
Fine, but cloudy.
Fine morning.

Thunder in distance.
Carry S.W.

Air became much thicker.

Fine, but clouded.

Cany from north.
One of the clearest days at this

place.
Cloudy, carry from north.
Fairly clear, Schiehallion and

Skye hills visible.

Dull, foggy morning.

Cloudy.
Clouds clearing away.

Clouds nearly gone.

Dull day.

Dull morning.
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NUMBER OF DUST PARTICLES—continued.

Places.

Alford, . .

Dumfries, .

n

(i

Date.

Sept.
12
13

14

16

Oct.
24
25
26
,,
n
28
29

30
,,
31

Nov.
1

,,
2
4
5
6

7

8

9
,

11

12
13

,
14

15

16

18
19

Hour.

10.0 a.m.
11.0 a.m.
2.0 p.m.

10.0 a.m.
5.30 p.m.

10.0 a.m.
5.30 p.m.

10.30 a.m.
10.0 a.m.

2.45 p.m.
3.30 p.m.

10.0 a.m.

3.30 p.m.
10.0 a.m.
3.30 p.m.

10.0 a.m.

10.0 a.m.
3.30 p.m.

10.0 a.m.

2.30 p.m.
10.0 a.m.
3.0 p.m.

10.0 a.m.
2.30 p.m.

10.0 a.m.
3.0 p.m.

10.0 a.m.
2.45 p.m.
9.30 a.m.

10.30 a.m.
3.0 p.m.

10.0 a.m.
2.30 p.m.

10.0 a.m.
3.0 p.m.
4.0 p.m.

10.0 a.m.
12
10.0 a.m.
10.0 a.m.

Number
of Par-
ticles

per c.c.

650
1,400

900
850
850

1,125
5,700

600
1,025
1,475

850
1,200
5,500

11,000
1,200

325
235

1,600

550
395
635

4,600
1,350
1,635
1,360
1,250
1,400
6,350
2,670

625
750

2,250
1,375
2,500
8,600
8,000
9,900
7 070

'975
900
650

7,700
4,700
9,000

11,500

Wind.

E. 0-5
E. 0-2
Calm
E. 0-2

N.W. 0-2
S. 1

S.W. 0-5

E . I
N.E. 0-5
N.E. 1

E. 2
,,

N.W. 1
S.W. 0-2

S. 0-8
S.W. 5

S.W. 0-5

S.W. 6
W. 4

N.W. 3
N.W. 0-2
S.W. 0-2
S.W. 0-2

W. 1
W. 1
W. 1

S.W. 0-2
,̂

W 2
W. 3

W. 0-5

S. 0-2
Calm
Calm

-,

s.w'.' 0-5

S.W. 1
N.W. 0-2

Calm
S.W. 0-2

ra
-

P
H

597
)5

52;1

63

51

44"
47-5
47
45
45-2
50-6
52
52-5
47-8

42
44-2
47
43-5
42
47-5
50
56
56-5
49-8
50
54
53-8
50-2
49-2
49-5
39
39-3
46-1
47'851-5
527
52-9
43-5
46
46
48-8

a
S
4'5
16

4:9

86

7-S

6-8
7-5
7
6-6
1-2
4-6
1
1
2-6

0-8
1-8
5
1 5
0-2
2-5
4-6
1-5
1-5
1-8
0-5
2-0
2-5
1-4
1-2
0-5

o-o
o-o
1-6
2*C
0-5
1-8
2'9
2-5
3-5
0-9
1-0

Sta te of
the Air.

Thickish.
Thick.

Clear.

Medium.
Extly. thick.

Clear.
Clear.
Medium.

Thickish.
Very thick.
Medium.
Very thick.
Thick.
Clear.

Very thick.
Thickish.
Clear.
Thickish.
Very thick.
Medium.
Clear.
Thickish.

Thick"
Thick.
Very clear.
Very clear.
Thickish.
Very thick.
Extly. thick
Extly. thick

Extly. thick

Thick'.'
• ••

Thickish.
Thick.
Thickish.
Very thick.
Extly. thick

Remarks.

Dull, cloudy morning.
11 11

Light rain all day.

Fine bright morning.
Gradually became very thick.

Sunshine and cloud.
Fine day.
Fine day, with clouds in morn-

ing and sunshine in after-
noon.

Cloudy all day.
Dull most of the day.

Raining.
Been wet and stormy.
Fine day.

Rainy, stormy.
Rain ceasing.
Very fine day.
Wind variable, fine day.

11

11 11

11 11

Fog on hills. Dull all day, with
slight rain.

Wind variable, dull day.
11

Fine day.

Dull day.

Dull day.
Very thick fog.
Thick fog, but clear overhead.
Not so thick as previous day.

Dull most of day.
Air got slightly clearer.
Air now much clearer.
Cloudless all day.
Fine day.
Dull all day.
Dull.



1889-90.] Mr J. Aitken on Bust Particles. 251

APPENDIX.

Being desirous of getting more observations on the effect of
humidity when the temperature is low, in order to check the con-
clusion come to in the paper, I made a visit to the west of Scotland
in the end of January last, in the hope of finding the conditions
suitable for the purpose. Garelochead was selected for these obser-
vations. This situation is fairly free from local pollution so long
as the wind is not south, south-east, or east. In all other directions
it is fairly free from contamination.

The observations were generally made on the hills above Gare-
lochead ; the site for each day being always selected to the wind-
ward of the houses. Unfortunately, the weather was not suitable
for the special purpose intended, as during most of the time the
temperature was high and the weather extremely stormy. As,
however, the observations were taken in exceptional weather, and
the results show peculiarities, they may be thought of sufficient
interest to be recorded here.

The observations were begun on the 23rd of the month. On this
day the number of particles was 2360 per c.c, and the temperature
34°; but unfortunately the wet-bulb depression is doubtful, owing to
the temperature of the wet-bulb being below the freezing point. The
wet-bulb fell to 32°, where it remained steady. As the temperature
was falling fast, the conditions would be all changed before the
water on the wet-bulb was all frozen, and it was therefore useless
to wait to see how far it would fall below 32°. Fortunately, I
had a hygroscope exposed at the same time, and it showed a reading
corresponding to a wet-bulb depression of fully 3°.

This is the only observation obtained at this situation suitable
for illustrating the influence of temperature on the effect of the
humidity, and it confirms the conclusion previously arrived at.
We have shown that when there was a wet-bulb depression of
about 4°, and a little over 1000 particles per c.c, that the air was
thick if the temperature was 60° or more; clear or medium if it
was about 50°; and, in the case here recorded, the air was clear, with
nearly double the number of particles, and the air not quite so dry,
but at a temperature of 34° It seems probable from this that
observations made on Ben Nevis and in cold climates generally
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will not show the influence of humidity, so markedly as those made
in warm climates.

In making out the table given with this paper, the humidity
might have been shown in other ways. For instance, in place of
entering the wet-bulb depression, the relative humidity or the
dew-point of the air might have been given. It was, however,
thought better to enter the wet-bulb observations themselves, since
either of the others can be easily calculated from them. At
ordinary temperatures the relative humidity and the dew-point are
approximately proportional to the depression of the wet-bulb, the
dew-point being nearly twice as much as the wet-bulb below the
temperature of the air. But for low temperatures the proportions do
not agree so well. For instance, the dew-point at the temperature
of 60° is 1-88 times the wet-bulb depression below the temperature
of the air; at 50° it is 2*06 times ; while if the temperature is 34°,
it is 2-77 times. So that for low temperatures part of the clearness
is due not only to the lower vapour pressure, but also because, for a
given wet-bulb depression, the dew-point is really farther below the
temperature of the air with a low than with a high temperature.
For instance, taking the above examples with a wet-bulb depression
of 4°, the dew-point at 60° is 7°"5 below the temperature of the air,
at 50° it is 8°'2, while at 34° it is fully 11°; and when the tempera-
tures are still lower the difference increases rapidly. The result
is that, when there is a small difference between the wet and dry
bulbs while the temperature is very low, the dew-point is a con-
siderable distance below the temperature of the air. For instance,
at a temperature of 20° and a wet-bulb depression of only 1°, the
dew-point is fully 8° below the temperature of the air. If the
temperature had been 53°, in order that the dew-point might be as
many degrees below the temperature of the air, the wet-bulb
depression would require to be 4°.

We must therefore only use the wet-bulb depression for com-
parison when the temperature is over 50°, below that temperature
allowance must be made. In the future, perhaps, either the depres-
sion of the dew-point or the relative humidity would be a better
figure to use in these tables.

Returning now to the table in the appendix, it will be observed
that on the 24th that there were 725 particles per c.c. and a depres-
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sion of only 2°-5, and the air was clear. The tests on this day
also confirm our conclusion regarding the less effect of the humidity
when the temperature is low, but the numbers are not extreme
enough to show it in a marked degree.

The observations made on the 25th are interesting, as they were
taken in exceptional conditions, and gave exceptional results. This
day will long be remembered as one of the stormiest of a very
stormy January. From the table it will be seen that at no time in
the day was the number of particles over 1000 per c.c, and it will
be also noticed that the air was dry, giving a wet-bulb depression
of fully 5°; and yet, contrary to all previous experience, the air was
#nck, the hills at little over three miles being invisible. As to
the cause of this thickness with few particles and dry air, it is at
present difficult to say anything definite. It, however, seems
possible that the size and the nature of the particles may have had
something to do with it. The gale would enable the air to hold in
suspension large particles of dust, and the atmosphere would also
contain salt spray. It was noticed that the air had a peculiar
glistening appearance, quite unlike the usual look of thick air. On
the evening of this day the air became much clearer, due possibly to
there being fewer salt particles, as the wind had veered, and the air
had to travel a greater distance over land before reaching the place
of observation. Part of the greater clearness was doubtless due to
the increased dryness which took place in the afternoon.

On the 27th the wind was again high, blowing strong from the
north-west. The number of particles had fallen to 250 per c.c, and
the air had become much clearer.

The 28th is principally remarkable for being the day on which
was recorded the smallest number of particles yet observed. The
storms had now passed, and the wind fallen to a gentle air from due
north. These tests were made on the hill-side to the north of
Whistlefield. On this occasion there was great difficulty in getting
clear of artificial pollution, the great purity of the air enabling the
existence of a house at a distance of half a mile to be easily
detected. The site selected for the observations had to be changed
a number of times before one was found fre e from local impurities,
from the instrument revealing the existence of dwellings hidden
away at a distance among the hills.
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The air on this day being very pure, all the tests made are entered
in the table, and not averaged, as is frequently the case on the other
days. Of course, each of the tests given is as usual an average of
ten readings. The lowest test gave 86 per c.c, being the number
for the purest air yet observed by me.

When this small number was obtained the barometric distribution
was very complicated. While the tests were being made the cyclone
of the previous days had passed away to the north-east, and an
anti-cyclone had appeared on the west coast of Scotland. The air
tested seems to have been true anti-cyclonic air, which was but little
contaminated by local pollution.

On the following day the wind was still northerly and slight, and
the dust had begun to accumulate, the numbers increased to nearly
three times what they were on the previous day. The air remained
clear, as it was both pure, dry, and cold.

TABLE SHOWING THE NUMBER OF DUST PARTICLES IN THE ATMOSPHERE.

Place.

Garelochead,

Date.

Jan.
23
24
25

27
28

"
29

Hour.

3.30 p.m.
11.45 a.m.
11.30 a.m.
1.0 p.m.
3.30 p.m.

11.30 a.m.

1.0 p.m.
11.30 a.m.

Number
of Par-
ticles

per c.c.

2,360
725
700
925
925

250
116
10093
95
88
86

253

Wind.

N.W. 0-2
S.W.I
S.W. 6

W.S.W. 7
W.S.W. 6

N.W. 6
N . I

N.W.I

it .

P
°

34
40
50
49-8
48

41
40

39
42

1
°

3-5
2-5
5
5-8
6-5

3
4-6

4-75
3-75

State of
the Air.

Clear.

Thick.

Medium.

Clear.
Extly. clear.

Very clear.

Remarks.

Sky clouded.
Hills visible to only 3 miles.

„ to more than 10
miles.

Passing showers.
Clearest day observed.
Sky cloudless and sun brilliant.

Sky dull, upper air thickening.
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